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SECTION I 

INTRODUCTION 

This report describes, and documents the results of 

a long-term track test program conducted to advance those 

technologies associated with parachute operation at very high 

dynamic pressures. 

First stage type ribbon parachutes, which are used 

for the recovery of advanced Air Force weapon systems, are 

required to be deployed, and to operate at high Mach numbers 

and low altitudes; that is, at high dynamic pressures. The 

use of rocket powered, track sleds is a valuable and accepted 

method of obtaining parachute deployment, structural, and 

operational performance characteristics at high dynamic 

pressures.  When the Arrowhead sled became operational in 

1967, it provided the platform necessary to extend the 

dynamic pressure limit of parachute track testing from 2900 

to 8000 psf. 

The initial objective of the test program was to 

determine deployment techniques, performance characteristics, 

and structural design criteria for nylon hemisflo parachutes 

operating at dynamic pressures up to 6000 psf.  With the 
* 

advent of the new high-strength, high-modulus Kevlar para- 

chute materials, which offer the potential for a 50 percent 

reduction in parachute weight, the objective was expanded to 

include comparative analyses of the performance and structural 

characteristics of nylon and Kevlar hemisflo parachutes. 

Determination of satisfactory parachute deployment 

techniques required some departures from accepted practices. 

The early tests experienced deployment problems and the 

* 
Registered trademark of E.I. DuPont de Nemours and 

Company, Inc. for their aramid fiber. 
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about 5,^00 lb.  More detailed descriptions of [ho  Tomahawk 

sled are found in References 2 and J.  Piyure \  shows 

two views of the Tomahawk and pushers sleds on the track prior 

to test and a three-view sketch giving basic overall dimensions 

of the Tomahawk sled is shown in Fiquro 4. 

(2\ 
Pederson,   Paul   E.:     Study  of Parachute  Performance 

at   Low  Supersonic  Deployment  Speeds;   Effects^ of ChäTigincj  Seale 
and Clustering,  Air Force Aeronautical  Systems Division 
Technical   Report  61-186,   (AD  267   502),   July   1961. 

Pederson,   P.E.:     Study  of  Parachute  Performance   and 
Design  Parameters   Cor Higfi  Dynamic  Pressure Operation,   ÄTr 
Force  Flight Dynamics Laboratory   Report AFFDL-TDK-d4-66, 
(AD  607   0 36),   May   1964. 
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2. PARACHUTE MODELS 

One parachute type was used for all tests conducted in 

support of this program, a 5 ft nominal diameter hemisflo 

ribbon type parachute.  The basic differences among the para- 

chute models were the material strengths and material type- 

nylon  and Kevlar.  Sketches of the general arrangement of 

the hemisflo parachutes are given in Figure 5.  Detailed 

descriptions and design of the test parachutes are given in 

Appendix B. 

a.  Configuration Selection 

(1) Parachute Type 

The  hemisflo  parachute  was  selected   for   study 

under   this   program to  provide  an  extension  of   the studies  with 

hemisflo   parachutes  at   lower   dynamic   pressures   (Reference   3) 

and   to  provide  supersonic,   high-dynamic  pressure  data  on  a 

nonreefed   model  of  the  reefed  hemisflo  parachute which was 

undergoing   flight   tests   for   the  Air   Force  Flight   Dynamics 

Laboratory   (Reference  4). 

The  hemisflo  parachute  has exhibited  satis- 

factory  performance characteristics   at   supersonic   speeds  and 

its  ribbon   construction  provides  a  weight  efficient  canopy 

surface  that  will  withstand the   large  canopy  stresses  generated 

at  high dynamic  pressures. 

(2) Canopy Size 

Selection of the hemisflo canopy size was 

based upon estimated parachute performance, maximun sled 

(4) Bloetscher, F.:  Aerodynamic Deployable Decelerator 
Performance Evaluation Program, Phase II, Air Force Flight 
Dynamics Laboratory Report, AFFDL-TR-6T^2 5, (AD 819 915), 
April 1967, 
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velocity (M  = 2,55), maximum parachute load allowed to bo 

applied to the sled (150,000 lb), and a safety factor of 1.5). 

The 5 ft nominal diameter hemisflo parachute canopy chosen in 

this manner for the test program gave a slightly positive 

margin of safety. 

(3) Canopy Porosity 

A hemisflo canopy porosity in the range from 

14 to 18 percent was considered desirable for use on this test 

program.  A 14 percent porosity hemisflo parachute was chosen 

for the supersonic flight test program documented in Reference 4 

and an 18 percent porosity hemisflo parachute performed 

satisfactorily during wind tunnel tests at Mach numbers of 1.8, 

2.0, and 2.2 (Reference 5). 

A 5 ft diameter hemisflo parachute canopy 

with a geometric porosity of 16.5 percent porosity was designed 

for this test program; see Appendix B. 

(4) Riser Length 

Riser lines were used to position the canopy 

downstream of the strong shock waves generated by the Arrow- 

head sled.  These shock waves for Mach numbers 2.0 and 3.0 are 

shown in Figure A-3 of Appendix A.  Riser lines 20 ft long 

were required for tests at Mach 1.5 and riser lines 30 ft long 

were used for tests at Mach 1.8 and 2.2. 

b.  Hemisflo Design 

The designs of all hemisflo parachutes were the same 

and were in accordance with the method outlined on pages 

(5) Reichenau, D.E.A.:  Aerodynamic Performance of Various 
Hyperflo and Hemisflo Parachutes at Mach Numbers from 1.8 to 3.0, 
Arnold Engineering Development Center Report, AEDC-TR-65-57, 
(AD 358 325), March 1965. 

12 

.■JÄ*»«*^*! •-■ -i-- BHBi 
samaum ^ag&.->„..tii,iri iiiii-iwn '■"•'" 



*    « IIIIIMIWIl '■ "■». i,ii ,iui! v. Mmiiiii|iiiBiuii.iiii,in    mmmm 

517 throuqh 522 of the "Parachute Handbook" (Reference 6)/ 

which (jives sample calculations and design equations for 

hemispherical canopies. 

Physical details and dimensions of the hemisflo 

parachutes are given in Table 1 and the gore coordinates are 

given in Fiquro 6.  Measurements were taken on the canopy 

under nominal (less than 40 lb) tension within 15 sec after 

application of the nominal tension. 

c.  Parachute Construction 

The parachute canopy gores were assembled using the 

continuous ribbon technique.  Each ribbon and vent and skirt 

band was continuous around the canopy, passing between the 

radials of each gore with a single  splice between the radials. 

The locations of the splices were staggered around the canopy. 

Ribbon spacing was maintained by one vertical ribbon on the 

centerline of each gore. 

An integral suspension line/riser arrangement with 

restraining keepers was used.  The suspension lines also passed 

over the canopy and served as the radials and the vent lines. 

Attachment loops were sewn at the end of each of the twelve 

riser lines. 

Although significant difficulties were expected 

during the fabrication of the parachutes made from the new 

high strength, low modulus Kevlar materials, none were 

experienced. 

(6) Anon.    (American Power Jet  Co.) :   Performance of  and 
Design Criteria   for   Deployable  Aerodynamic  Decelerators,   Air 
Force  Flight  Dynamics  Laboratory,   Technical   Report ASD-TR-61-579, 
(AD  429   971),   December  1963. 
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TABLE 1 

PHYSICAL DETAILS AND DIMENSIONS OF THE 
NYLON AND KEVLAR HEMISFLO PARACHUTES 

Nominal diameter, D  (ft) 5.0 

Canopy area, S  (sq ft) 19.635  1 

Geometric porosity, \<j   (percent) 16.5    | 

Number of gores 12 

Number of suspension lines 12 

Suspension line length (in.) 100     i 

Number of horizontal ribbons 11 

Number of vertical ribbons per gore 1      1 

Separate vent oand Yes 

Separate skirt band Yes     ! 

Number of vent lines 6      i 
Finished vent line length (in.) 5.0 

Gore width at vent (in.) 1.62 

Finished gore width at vent (in.) 1.43   1 

Finished gore height (in.) 31.9 

Finished gore width at skirt (in.) 9.3    1 

Finished skirt circumference (in.) 112 

14 
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Table 4 also presents a tabular comparison 

of the weights of nylon and Kevlar parachutes as functions of 

canopy ribbon and parachute suspension line strenqths.  This 

comparison is also graphically illustrated in Figure 7.  All 

Kevlar parachute canopies weighed less than 56 percent of 

comparable strength nylon canopies.  For the three stronger 

parachutes the weight savings of the overall Kevlar parachutes 

were less than the weight savings of the Kevlar canopies.  This 

indicates that the Kevlar horizontal and vortical ribbons 

contribute more to the weight savings than do the Kevlar 

suspension and riser lines, for these throe stronger parachutes, 

-A. 
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3.   TEST TECHNIQUE 

The Holloman Track prepared an Operations Plan (OPLAN) 

for each test run series; that is, one OPLAN for each sled 

configuration and desired parachute deployment Mach number. 

The OPLAN included: (1) test administrative information, (2) 

track station locations for events, (3) electronic instrumenta- 

tion support requirements, (4) electronic data reduction 

requirements, (5) photographic instrumentation support require- 

ments, (6) sled and track preparation instructions, (7) run 

profile data, and (8) a master countdown checklist. 

On the day before a test, the track and sled were pre- 

pared as specified in the OPLAN and the test parachute was 

installed on the sled.  On  the day of the test, the count- 

down proceeded in accordance with the master countdown check- 

list. The sled was fired and moved down the track; the required 

test data was gathered throughout its run. The test parachute 

was deployed and released at prescribed track locations. 

After the run, the sled and test parachute were recovered. 

a.  Track Preparation 

Track preparation included:  (1) the installation of 

full slippers on the sled, (2) the installation of the required 

number of water dams for braking the sled, (3) the erection 

of a synchronization light stand which provided an  event- 

time correlation for the on-board cameras, and (4) the 

installation of screenboxes which are intercepted by sled- 

borne knife blades, and which conduct an electric current 

from the ground to the sled as long as the knife blades are 

in contact with the screen. Currents from the screenboxes 

were used to stage the rocket motors, turn off the on-board 

cameras, fire the parachute deployment and release 

mechanism squibs, and flash the camera syncronization light. 
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b.  Parachutc Tnsta 1lat1 on 

The packed test parachute was inserted into the 

parachute storaqe compartment of the sled and the riser 

lines and cone riser were attached to the parachute attachment/ 

deployment/release mechanism.  The parachute attachment cover 

was then fastened in place on top of the storaqe compartment. 

Detailed descriptions of the parachute attachment, deployment, 

and release components including parachute packing and 

installation instructions and photographs are given in 

Appendix C.  A photoqraph of a test parachute installed on 

the Arrowhead sled is presented in Figure 8. 

c•  Sled Preparation 

The sled, with the parachute and camera box installed, 

was positioned on the track and attached to the slippers. 

Then the cameras, rocket motors, igniters, and pyrotechnic 

actuators were installed.  All wiring from the knife blades 

to the actuators and igniters, and all other internal sled 

instrumentation wiring, was connected.  Finally, all sled 

access doors were closed and the sled was armed. 

d.  Parachute Deployment 

After ignition of the rocket motors, the sled accel- 

erated down the track.  Shortly after burnout of the last stage 

of rocket motors, the knife blades on the sled intercepted the 

parachute deployment screenbox.  This screenbox was located 

at that track station where it was predicted that the sled 

would have the speed desired for parachute deployment initia- 

tion.   Electrical current from the screenbox fired the drogue 

gun squibs in the parachute deployment mechanism.  The resulting 

gas pressure sheared the drogue gun mortar pin and propelled 

the deployment cone downstream from the sled.  Cone drag and 

momentum were transferred as tension forces through the cone 

riser to the test parachute restraining strap release cables 
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and to th pil chute bag. After th r strainin strap w s 

releas d, th cone pull d the pilot chute nd b g bout six 

feet downstream from th sled, at which point the pilot chut 

exited the ba nd infl ted. The pilot chute then pulled the 

est p rachute and ba to line str tch of the parachute, 

whi h point th canopy xited th b g a~d inflated. Pilot 

chut nd t st p r chut were pr v ~t d from prematurely 

xiting th ir d pl yrnent bags by lin and canopy ti s of 

appropri t str ngths. D tailed d scriptions of th deploy-

m nt syst m compon nts us d for ch test and th calculation 

m thod used for determining th strengths of th ti s are iven 

in App ndix C. A sk tch of typical deployment sequ nee 

showing the m r m n nts s s nt d in Fi ur 9 nd 

photographs of n ctu 1 deployment sequence are present d 

in Fi ur 10. 

Aft r 11 par chute performance data had been gath r d 

n befor th sl d enter d the water dams, knife blad s on 

h sl d in r pt d th parachute release screenbox. El ctric 

urrent from the scr nbox fired the parachute releas m chanism 

squibs. Th parachut was released from the sled to pr v nt 

it fr m b ing m g d during sled recovery. 

f. Sled R c very 

After p rachute release, sled-borne knives intercept 

a screenbox which turned off the on-board cameras. The sl d 

th n enter d th w ter dams. Sled deceleration resulting 

from its a rodynamic dr g and frictional resistance with 

the rails then bee m augmented by water braking. The braking 

force was generated by momentum transfer from the moving sled 

to water, which was scooped up from the dams and ejected into 

th air. The braking force was controlled by adjusting the 

number nd height of the frangible dams. 
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After the sled came to a stop, the screenboxes were 

disarmed and the sled, pusher, slippers, screenboxes, and all 

parachute components were removed from the track. 
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4 .   INSTRUMENTATION AND DATA GATHERED 

a. Meteorological Readings 

The Holloman Track, is located at elevations above 

mean sea level that gradually increase from 4,058 ft at track 

station zero to 4,099 ft at track station 50,770. The atmos- 

pheric conditons which existed just prior to a test run were 

obtained from the Holloman Air Force Base weather station 

which is at an elevation of 4,092 ft above mean s^d level. 

The meteorological readings recorded for each test 

were wind direction, wind speed, temperature, (absolute) 

barometric pressure, and relative humidity. 

b. Electronic Instrumentation 

(1) On-Board Telemetry 

Radio frequency telemetry, of the FM/FM type, 

was used to transmit sled and parachute performance data. 

Two channels were used for the sled Velocity Measuring 

System (VMS), two were used for the parachute tensiometer, and 

one channel was used to monitor the on-board telemetry battery, 

Track-side decommutation, data recording, repro- 

duction, and duplicating was done on magnetic tape, direct 

writing oscillographs, and stylus recorders at the Midway data 

acquisition and recording building. 

(2) Sled Performance 

An electro-optical VMS determined sled position 

as a function of time by means of track-fixed light beam 

interrupters. The interrupters consisted of metal plates which 

were positioned at 13 ft intervals along the track.  Real time 

measurements were obtained from a sledborne sensing head which 

provided a light beam between a light source and a photo- 

transistor. The beam was interrupted each time the sensing 

head passed an interrupter. The output was a series of pulses 
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During th t st progr m, dr for s w r tr ns

m'tt d through v ri us low pass filt s wh s b nd widths r ng d 

from 220 to 2100 Hz. However, on each t st th r w s on dra 

force chann 1 with filt r of t least 660 Hz. Th maximum 

frequency r sponses of th g lvanom t rs us d in the oscillo r hs 

always x d d th frequ ncies of th filt rs. For x mpl , 

on Test 6P-E6, the filt rs wer 220 and 2100 Hz nd th 

galvanom ter r spons frequ nc· s w r 1000 nd 3000 Hz, 

resp ctively. 

c. Optical Instrum ntation 

A lar numb r of diff r nt typ s of c m r s wer 

us d durin this program to r cord sl d nd par chut perform

ance char ct r s s nd st op r tions. Th s cam r s wer 

us d for thr b sic purposes: (1) to prov'd backup d t of 

sl d and parachute performanc , M tric Optic 1 Instrum nt on; 

(2 ) to provid primary data for engin ring analysis of par 

hut pe form n , En in n Optical Ins rum nt tion; and 

(3) to provide Docum nt ry Photo r phy. A listin o th 

cameras us d during this t st program is p s n d in T b 

(1) M tric Optic 1 Instrum nt tion 

Ribbon fram typ cam ras, op r tin t 90 fr m s 

per second, wer mploy d at s 1 ct d p rm n nt m tric optic 1 

instrumentation s't s alongside th tr ck for this st pro m. 

Each camera imag r lat d sled and p rachu position to pr s ly 

surveyed targ t pol s, five to s v n of which w r within th 

field of view of each cam ra sit • These earner s w re us d s 

a backup system to determin sled nd parachut p rform nc 

characteristics. 

(2) Engin erin Optic 1 Instrumentation 

Maximum u waa made of the tracksid and 

sledborne motion picture coverage provided by the Holloman 

Track to acquire the primary data for ngin ring an lysis of 

parachute performance. 
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Two on-board cameras, track designations 

SX-1 and SX-2 and operating at 1000 and 500 frames per second, 

respectively, were used to obtain test parachute oscillation 

angle, quadrant angle, and frontal (projected) area as functions 

of time.  Reference dimensions used to reduce the camera 

coverage data to the desired parachute performance parameters 

were obtained from photographs taken by these cameras of a 

ground-fixed reference target board. 

Test parachute deployment events and trajectories 

were determined from fixed trackside motion picture cameras 

which were located at those track stations where parachute 

deployment was expected to occur.  Reference dimensions used 

to obtain deployment cone and parachute bag separation distances 

from the sled as functions of time were determined from a 

target grid painted on the sled and from known sled dimensions. 

A few tracking cameras were also used to provide 

motion picture coverage of the entire sled run. 

(3)   Documentary Photography 

Pre and post test still photography was employed 

on each tost to provide documentation of the condition of the 

deployment aids and test parachute during and after installation 

and after the test run. 

Documentary tracking motion picture coverage from 

on-board the range safety helicopter was obtained on some tests. 

d.  Timing 

Most data collected was correlated by recording time 

bases and codes which indicated elapsed time.  All time bases 

and codes met Inter-Ranqe-Instrumentation Group (IRIG) standards. 

One master clock generated all times.  Signal distribution for 

event timing was routed to electronic and photo-optical 

instrumentation and recording locations. 
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The photo-optical data (such as from the on-board) 

cameras) which did not have each camera image marked in coded 

form was marked with pulses of known frequencies.  Events 

recorded by these cameras were then correlated to the IRIG 

coded time by use of simultaneous recordings of a light flash 

from atop the synchronization light stand and an event mark 

on the oscillograph record. 
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5.   DATA REDUCTION AND PRECISION 

The estimated maximum uncertainties of all measured and 

derived data parameters are listed in Table (,.  Discussion 

of the methods used for data reduction and uncertainly 

estimations are qiven below. 

a. Time 

According to Reference I , all time bases and codes 

which meet IRIC. standards were recorded with an accuracy of 

±50 microseconds.  Photo-optical data which was marked with 

pulses of known frequency (usually 1000 Hz) was estimated 

to have provided times which were accurate within 0.0005 sec. 

Times obtained from all photo-optical instrumentation were 

corrected for the offset of the location of the timing light 

generator from the event frame, where applicable. 

b. Meteorological Data 

The estimated maximum uncertainties of the meteoro- 

logical readings of temperature, pressure, wind speed, wind 

direction, and relative humidity were taken as ±1 of the last 

significant figure reported for these readings by the Holloman 

Air Force Base weather station. 

The air density is an indirect measurement which 

results from a calculation involving the direct measurements 

of temperature and barometric pressure and standard values 

for sea level temperature, pressure, and density.  That is, 

'SL 
'T 
SL 

SLi (I) 
(1 

where : 

SL 

LSL 

Standard air density at sea level, 0.002 378 
slug/cu ft 

Standard air temperature at sea level, 518.690R 
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TABLE 6 

PRECISION OF THE DATA 

Data Parameter, Units 

TIME 
IRIG bases and codes,   sec 
From pulses of known  frequency,   sec 

METEOROLOGICAL  DATA 
Temperature,   0F 
Barometric pressure,   in.   Hg 
Wind  speed,   knots 
Wind direction,   deg 
Relative humidity,   percent 
Air density,   slug/cu  ft 

SLED  PERFORMANCE  DATA 
Primary Velocity Measuring System 

Distance,   ft 
Velocity, ft/sec 
Velocity, ft/sec 
Velocity, ft/sec 
Velocity, ft/sec 
Velocity, ft/sec   2 
Acceleration, ft/sec 

Backup Velocity Measuring System 
Distance, ft 
Velocity, ft/sec (percent) 
Acceleration, g's 

Metric Optical Instrumentation System 
Distance, ft 
Velocity, ft/sec 
Velocity, ft/sec 
Velocity, ft/sec 
Velocity, ft/sec 
Velocity, ft/sec 
Acceleration, g's 

RELATIVE WIND DATA 
Primary Velocity Measuring System 
True airspeed, ft/sec 
True airspeed, ft/sec 
True airspeed, ft/sec 
True airspeed, ft/sec 
True airspeed, ft/sec 
Mach Number 
Mach Number 
Mach Number 
Mach Number 

36 

Estimated 
Maximum 

Typical Uncertainty 
Value {+ and -) 

36.54186 0.00005 
0.1779 0.0005 

67 1 
25.635 0.001 

10 1 
210 1 
35 1 

0.002037 0.000004 

7536.75 0.20 
500.0 3.2 

1000.0 7.0 
1500.0 12.3 
2000.0 19.6 
2500.0 29.7 

48.8 110-280 

7461.0 298 
2540.36 (2.44) 

4.8 3.5 - 8.7 

3536.51 88 
500.0 4.7 
1000.0 11.2 
1500.0 21.6 
2000.0 38.1 
2500.0 62.8 

-4.6 6.4-14.7 

500.0 3.4 
1000.0 7.1 
1500.0 12.3 
2000.0 19.6 
2500.0 29.7 

0.500 0.003 
1.000 0.007 
1.500 0.012 
2.000 0.024 

mmmmmammmmmmmaaamttBSU B!!i-...HiMMa..^--r .■■,,,.-.,. i ..^-~^...^;yi|aM|^igimJ 
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TABLE 6      (Concluded) 

PRECISION OF THE DATA 

Data Parameter, Units 

RELATIVE WIND DATA (Concluded) 
Dynamic Pressure, psf 
Dynamic Pressure, psf 
Dynamic Pressure, psf 
Dynamic Pressure, psf 

PARACHUTE PERFORMANCE DATA 
Event times, sec 
Cone and bag separation distance,ft 
Drag forces, lb 
Drag coefficient 
At a dynamic pressure of 1000 psf 
At a dynamic pressure of 3000 psf 
At a dynamic pressure of 5000 psf 
Projected area, sq ft 
Oscillation angles 
Stability angle, deg 
Quadrant, angle, deg 

Typical 
Value 

500.0 
1000.0 
3000.0 
5000.0 

0.456 
20.2 
33,227 

0.163 
0.312 
0.350 
8.34 

1.3 
26 

Estimated 
Maximum 
Uncertainty 

(->- and -) 

10.0 
24.0 
82.5 

190.0 

0.002 
0.5 
2500 

127 
04 2 
02 5 
35 

48 
0 

37 
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PSL 

P 

P 

T 

Standard air pressure at sea level, 29.92 in.Hi 

Air density at the Track, slug/cu ft 

Air pressure at the Track, in. Hq 

Air temperature at the Track, 0R 

The maximum uncertainty in air density at the Track was 

estimated using the method given by Beers (Reference 7) for 

the propagation of error for a function of any number of 

independently measured quantities.  A maximum uncertainty 

in air density of ±0.000004 slug/cu ft was obtained using 

this method, 

c.  Sled Performance Data 

Sled performance data of distance (from the starting 

point), velocity (speed along the track), and acceleration as 

functions of time were obtained using primary and backup 

velocity measuring systems and the metric optical instrumenta- 

tion system. 

(1)  Primary Veloci ty Measuri mj System 

Data reduction under this system began with 

values for the "raw" times when the sled passed the interrupters 

Although the distance between adjacent interrupters was known 

with a standard error of 0.0005 ft, it was first assumed 

that interrupters were spaced an even number of feet. ( for 

example, 13 ft) apart and that no interrupter failed to 

produce a pulse. Raw velocity and raw acceleration values 

were calculated from the differences in the time values and 

the assumed interrupter distance. This raw data was then 

"smoothed" by first designating distances from the sled 

(7), Boers,   Yardley:     Introduction   to  the  Theory  of  Error, 
Addison-Wesley  Publishing  Company,    Inc.,   Reading,   Massachusetts, 
1957. 
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st rting point to each interrupter, rounded to the nearest 

1/4 ft. The raw times were then "edited", which involved a 

process for eliminating irregularities +:hat were due to either 

gaps in the regular sequence of interrupter pulses or to the 

presence of pulses which were additional to the regular 

sequence of interrupter pulses. The raw times were further 

correct d to correlate the computational zero pulse with the 

time of sled first motion and to account for energy trans

mission times. These corrected times were then smoothed. 

Smoothin t chniqu s used during this program included a sevE"n

point moving arc process and a minimum-maximum regression 

(similar to least squares) method. Smoothed velocity and 

ace leration values and values for the standard deviation of 

velocity error were computed from the corrected and smoothed 

times using these same smoothing techniques. 

The largest relative standard deviation in 

velocity r corded for this program was 0.243 percent for a 

v locity of 1542 ft/sec. Assuming a normal distribution of the 

viations bout th mean value, and in accordance with 

roxton ( R f r nee 8 ) , it was estimated that approximately 

99.95 p rcent o f all variations in velocity at that velocity 

will 11 between ±3.5 times the standard deviation. That is, 

the maximum relative variation in sled velocity at 1542 ft/sec 

was estimated to be ±0.85 percent. 

Estimation for the maximum variations in sled 

distance and in velocities other than 1542 ft/sec were 

made using the method suggested by Beers (Reference 7 ) , the 

value for the maximum relative variation in velocity at 1542 

ft/sec, and the known relationship among the quantities of time, 

(S~roxton, Frederick, E. , Elementary Statistics with 
Applications in Medicine and the Biological Sciences. Dover 
Publications, Inc., New York, 1959. 
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distance, and velocity. The maximum relative variation in 

distance was estimated in this way as a constant value of 

±0.61 percent. Based on the 13 ft interrupter intervals and 

adding the initial ±1/8 ft bias for interrupter distance 

designations from the starting point, a maximum variation of 

±0.20 ft for distance was estimated. The maximum relative 

variations in velocity, Rv , (in percent) were estimated uslng 

the following equation. 

-8 9.25 X 10 + 0.61 ( 2) 

Maximum variations in acceleration were estimated 

from the tabulated differences between raw and smoothed 

acceleration values and between successive smoothe accelera

tion values. Variations of up to %280 ft/sec 2 were estimated 

for those acceleration values that occur during those portions 

of the run where the level of acceleration was changing rapidly 

and up to zllO ft/sec2 were estimated for those portions of 

the run which were under essentially constant acceleration. 

(2) Backup Velocity Measuring System 

Data reduction under this system started 

with the values for the raw times when the sled passed the 

sensors which were positioned 208 ft apart. Distances were 

designated from the sled starting point to each interrupter, 

rounded to the nearest 1 ft. The raw times were corrected, 

and were checked for missing pulses; however, no smoothing 

was done. 

Accuracies for the velocity values were 

estimated from propagations of the primary velocity measuring 

system errors over 16 interrupter intervals of 13 ft each (to 

account for the 208ft interval between sensors). That is, 

the maximum relative variation in sled velcoity was 

estimated to be ±2.44 percent. Because of these large 
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interrupter intervals,  the errors in time were negligible 

compared to the errors in distances. Therefore, the relative 

variation in sled velocity was estimated as the constant value 

of ±2.44 percent for all velocity values. 

Accuracies of the sled distance and acceleration 

values were estimated based upon comparison  of the tabulated 

values obtained from the backup and primary velocity measuring 

systems, for those test runs where the data from both systems 

were available. 

The standard deviation or distance differences 

was calculated and the maximum variation was taken as 3.5 

times the standard deviation. The maximum uncertainty in 

sled distance, estimated in this manner, was determined to 

be ±298 ft.  While the backup system generally missed the 

peak acceleration values which were picked up by the primary 

system, the backup acceleration accuracies were estimated to 

be on the same order as the primary acceleration accuracies. 

That is, the maximum relative variations in acceleration were 

estimated to be from ±3.5 g's for those portions of the run 

which were under essentially constant acceleration, to ±8.7 

g's tor those portions of the run where acceleration levels 

were changing rapidly. 

(3)     Metric Optical Instrumentation System 

For this system, sled performance data was 

obtained from the reduction of the fixed, ribbon frame camera 

film.  IRIG time and sled position data were referenced to the 

target grid painted or» the sled.  Sled position data were 

computed using a single station (camera) technique utilizing 

the known position and direction of the track as a constraint 

and the reference dimensions associated with the trackside 

target poles. Each value of sled distance, velocity, and 

acceleration was obtained by evaluatinq, at the midpoint, 

the first and second derivatives of a second degree polynomial 

fitted by least squares procedure to successive values. 
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Accuracies of the values of the sled perform- 

ance data were estimated based upon comparisons of the 

tabulated values obtained from the metric optical instrumenta- 

tion and primary velocity measuring systems, for those test 

runs where the data from both systems was reduced.  Maximum 

differences, in all performance data, occurred for those 

portions of the test run where the sled was just entering or 

just leaving the field of view of one of the trackside 

cameras. The standard deviations of differences were cal- 

culated, the maximum variations were estimated as 3.5 times 

the standard deviations, and the errors were combined using 

the method outlined by Beers (Reference 7 ). The estimatea 

maximum uncertainties in sled distance, velocity, and accelera- 

tion, determined in the above manner, are given in Table 

6 and are applicable to the same data ranges as discussed 

for the primary velocity measuring system. 

d.  Relative Wind Data 

The smoothed velocity data, obtained from the three 

velocity measuring systems, was combined with the meteorological 

data to derive indirect measurments of true airspeed. Mach 

number, and dynamic pressure. The maximum uncertainties in 

these parameters were estimated using the method .jiven by 

Beers (Reference 7) for the propagation of erro\s for functions 

of any number of independently measured quantities. The values 

for the estimated uncertainties are given in Table 6 

and relationships among the parameters and the direct measure- 

ments are given below. 

(1)  True Airspeed 

True airspeed was computed as the absolute value 

of the vector difference of the velocities of the wind and 

the sled. That is. 
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VTAS = VS  " VW COS - (3! 

where 

V, TAS 

V, 

V, w 

=  True airspeed, ft/sec 

=  Velocity (speed) of the sled, ft/sec 

=  Velocity (speed) of the wind, ft/sec 

ii     =  Angle between the headings of the 
sled and the wind, rad. 

For all three velocity measuring systems, the 

errors in wind velocities were negligible compared to the 

errors in sled velocities, for sled velocities above 500 ft/sec, 

(2)  Mach Number 

Mach number was computed using the equation:" 

M = V
TAS/ (49.0192 T 

1/2 
:4) 

where: 

M = Mach number 

VT „ = True airspeed, ft/sec 

T   = Air temperature at the Track, 0R. 

The errors in temperature provided only small contributions 

to the Mach number variations calculated for the primary 

velocity measuring system, and were negligible compared to 

the velocity errors for the other two velocity measuring 

systems. 

(3)  Dynamic Pressure 

Dynamic pressure was computed using the 

equation: 
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(2) Cone and Bag Separation Distances 

Deployment cone and parachute bag separation 

distances (from the sled attachment point to the leading 

edge of the cone or bag) were determined from th motion 

picture film provided by the trackside cameras. For each 

film, the sled was traced once, and the positions of the 

leading edges of the cone and bag were marked and measured 

from following frames with sufficient frequency to describe 

time-displacement curves. The times ·were decoded from the 

film and the distanc s w re c lculated by taking the ratio 

of the separation d'stance image, and the sled overall length 

image, and multiplying by the measured length of the sled. 

Th n~ximum uncertainties in separation 

nc s, d t rmin d in this manner, were stimat d to b 

. 5 ft. 

(3) Drag Forces 

Parachute drag force-time histories, r cord d 

on dir rint oscillogr ph records, w r r due d by 

digitizing the tra di placements from the z ro load 1 v ls 

nd applying th conversion factors d t rmin d f rom th pr -

t st c librations. Th coincident loads for each t st run 

wer then averaged. Th graphic presentations of the force

time histori s, given in this repor , wer traced from on 

oscillogram trace for each test, how ver, the ordinat 

scales wer establish d to reflect the average of both 

traces. 

A "snatch" force was tabulated for each test, 

using as its value, the peak of a force spike that occurr d 

at, or n ar, th ev nt time of parachute suspension "line 

stretch." A "maxitnum force" was also tabulat d; using as its 

valu , th pe k of force spike that occurred at, or n r, 

th event time of parachute "canopy first full open." 
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The   accuracy  of  the  drag   forces  was  estimated 

based upon   the  average  differences  between  the  two  draq 

traces  and  the  accuracy with which  the  drag   trace  values  could 

be   read and  digitized.   This   gave  an  estimated  maximum un- 

certainty   in  drag   forces,   r   ,   of  ±2,500   lb.      Errors  due  to 

the  differences  between  the    lines  of  action  of   the  parachute 

forces and  the  directions  of  the   relative winds were  insignifi- 

cant  compared  to   the  other  errors   and were  neglected. 

(4)     Drag  Coefficient 

Parachute  drag coefficient  is   a  derived quantity 

that was  computed  using  the   equation: 

'D o 
D/   (Q  So) (6) 

where D, o 
Parachute   drag coefficient 

D =     Parachute   drag  force,   lb 

Q =     Dynamic  pressure,   psf 

S_       =     Design  nominal  area of   the  parachute 
canopy,   19.635   ft^ . 

The  maximum variation   in  drag  coefficient,   r 

o 

D, 
was  estimated based upon the propagation of errors  in drag    0 

force  and  dynamic  pressure.   The errors   in  dynamic  pressure 

did not  influence   drag coefficient  errors   for  dynamic pressures 

below  3000  psf  and only  increased  drag  coefficient  errors  by 

less  than   2   percent   for dynamic pressures   above   3000  psf. 

Therefore,   the errors  in dynamic  pressure were neglected and 

the  maximum uncertainties  in drag coefficient were  estimated 

from the  following equation. 

'D 
rD/   (Q  So)     =     127/Q. 
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(5) Pr j c d Ar 

Th p r hut can py pro t d r a-tin hi ri S 1 

which r pr s n d in this r por 1 w r r du d from h 

film from on of th n-bo rd mer s f r s . Tr in s 

of th maximum pro t d 

nd th r me sur d with 

r as w r conv rt d to 

board dimensions nd corr c in 

th dist nc s fr m th c mer to 

w r 

nimet r. 

r s by 

th m or 

th tar 

p c lly t k nl 

Th s planimet r 

us in known t rg t 

th diff r nc in 

bo rd nd from 

th mer to th proj ct d di met rs s d t rmin d from th 

tracksid mer c v r 

Th 

mind by combin · n 

of h pro 

stima ions for h 

h planin r1 th tr in S 1 nd th d 

r w 

rr rs sso 

n o h 

d t r

d with 

on-

v rsion factors. This v n estim t d m ximum un rt "nty 

in r t d r of ±0.35 s ft. 

(6) s ill i n An 1 s 

P r chut n 1 I r oscill ion n 1 I 

w s t ken as th ngl tw n r Y cons ru t d from h oc 1 

point of th 1 ns of on of th on-bo rd c mer s to th c nt r 

of th par chut v nt nd th optical xis of th earner . 
P rachut qu dr nt ngl w s t k n s th coun r lo kwi 

ngular displ c men of th me of th c n of th 

chut v nt from h p sitiv xis of th on-bo rd mer ilm 

pl n (looking downstr m1 z ro d gr es displ c men xi ~ 

parallel to th rth nd to th right) . Conv rsion f c ors 

used in th calcul tions of both th s ngl s w r obt in d 

from film images of th t rg t board and known dimensions. 

Th maximum uncert inti s n p r chut stability 

angle and p rachut qu dr nt ngle w r estimat d to be 

tO. 48 d and ±6.0 1 r sp iv ly. 
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6. RUN SUMMARY 

Twenty track sled test runs were made in support of this 

program. Table 7 presents a chronological summary of the 

test runs in terms of selected parameters of the test matrix. 

Difficulties in obtaining satisfactory parachute deploy

ments were experienced in the first three tests, and only one 

test, 6P-E3, provided usable data. The program was interrupted 

to establish a reliable deployment technique. Three test runs 

were made using the Tomahawk sled to investigate deployment 

system improvements. These were the 6P-F series of tests. 

The Tomahawk sled was used because it could accept the 2.2 KS 

11,000 type rocket motors which were available at no cost to 

the program at that time. The parachutes which were used on 

the early 6P-E series of tests were used on the 6P-F series 

of runs; the riser line attachment loops were repaired aft r 

ach test, which shortened the riser length by about 1 ft 

each time they were repaired. 

After an acceptable parachute deployment techniqu was 

establish d, the test pro ram continu d to com 1 ion wi h n l 

one test failure. On test 6P-H5, the parachute was simultan

eou~ly deployed anJ released. 

Th r w U t s from 14 of the 20 test runs were abl to 

b used for comparative evaluations of nylon and Kevlar 

parachutes at high dynamic pressures. 
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SECTION III 

RESULTS AND DISCUSSION 

1. SLED TEST RUN RESULTS 

a. Deployment Problems on Early Tests 

Parachute deployment problems occurred on the 

first three sled test runs conduct d under this program. On 

the first test, 6P-E2, parachute deployn~nt was initiated 

where programmed but cone dP.ployment did not occur until 13 

s c lat r. It was sus ct d that a delay d action 

blasting cap was inadvertently used in the deployment cone gun. 

On the second test, 6P-E3, cone deployment occurred where 

programmed; however, the cone collided with the parachute riser 

line tie-down tr?ugh and with the sled rocket motors. The 

parachute bag appeared to hesitate on coming out of its con

tainer indicating that the force transmitted by the deployment 

cone may have been marginal. The parachute ris r lines exited 

the bag before they reached line stretch. On the third test, 

6P-E4, the deployment cone blasting cap fired where progran~ed 

but the shear pin in the mortar body of the deployment cone 

gun f iled to shear. Therefore, no deployment system components 

were d ployed. 

b. Deployment Method Selection Runs: M = 1.3 

Three sled test runs were conducted using the 

Tomahawk sled to establish a reliable method for accomplishing 

parachute deployment; tests 6P-Fl, 6P-F2, and 6P-F3. All para

chute storage, attachment, deployment, release,and instrumentation 

components, except the tensiometer, were removed from the 

Arrowhead sled and mounted on the Tomahawk sled for these tests. 

Therefore, no parachute drag force data was obtained. Typical 

sled performance and relative wind curves for these tests are 

presented in Figure 11. 

so 
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(1)   Test 6P-F1 

The first deployment system checkout test, 

6P-F1, incorporated those deployment system changes which were 

proposed to correct the problems experienced on the first 

three sled tests.  Pressure relief ports were placed in the 

side of the parachute container to facilitate the ease with 

which the parachute could be extracted.  A cover was placed 

over the parachute attachment/deployment/release mechanism 

and the deployment cone to protect them from wind blast.  Two 

blasting caps were used in the deployment cone drogue gun and 

the mortar chamber was redesigned to improve cone deployment. 

An 18 inch diameter Hyperflo pilot chute was incorporated into 

the deployment system to provide additional extraction force 

to the test parachute. 

All deployment components functioned satis- 

factorily except for the deployment control break ties which 

were holding the test parachute lines in the bag.  As Figure 12 

shows, all the lines and the canopy exited the bag after the 

bag had separated from the sled a distance of only about 5 ft . 

This means that the ties were of insufficient number and/or 

strength. 

Figure 13 presents the parachute performance curves 

for this test.  Values for parachute canopy projected area 

during the inflation phase could not be presented because 

inflation began before the canopy was in the field of view of 

the on-board cameras.  Also, it was not possible to construct 

a precise variable area conversion factor for this portion of 

the run due to lack of accurate time-distance data from the 

track-side cameras.  For this reason, projected area data prior 

to 0.376 sec was considered unreliable. 
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The parachute riser lines were not completely 

severed and the parachute was not released.  This caused the 

parachute to be dragged along the track late in the run, 

severely damaging the canopy.  The on-board camera coverage 

showed no evidence of parachute damage prior to its contact 

with the track. 

(2) Test 6P-F2 

The second deployment system checkout test, 

6P-F2, incorporated an increase in the force of the charge 

used to sever the parachute riser lines and an increase in the 

number of parachute deployment control break ties. 

All deployment and release systems components 

functioned satisfactorily except for the break ties.  As 

Figure 14 shows, they were still of insufficient number and/or 

strength to keep the parachute in the bag until line stretch. 

Figure 15 presents the parachute performance 

curve for this test.  No stability data was reduced because 

the on-board camera film lacked fiducials.  The parachute 

was undamaged. 

(3) Test 6P-F3 

The third and final deployment system checkout 

test, 6P-F3, incorporated all the deployment system design 

features used on all subsequent tests as described in Appendix C 

The final change involved the use of the deployment control 

break ties designed utilizing the calculation method described 

in Appendix C. 

All deployment system components functioned 

satisfactorily, including the deployment control break ties, 

as shown by the parachute bag trajectory in Figure 16.  Also 

included in the Figure are the predicted trajectories of 

the bag as output from the break tie computer program.  The 

actual bag trajectory is closer to the trajectory predicted 
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using minimum exp c d xtraction fore . This m ans that th r 

ar larg dyn mic pr ssur d fects in the w k of th sl d 

and/ or th low r drag co ffici nt stimat s us d in th 

comput r program ar mor r alistic than the higher ones. 

Figur 17 pr s nts th parachut performan 

curv s for this t st. The parachute appear d fully inflat d 

· t 0.399 sec, but this occurred on a rebound after lin 

str tch and th p chute did not attain the av rage steady 

stat are until 0.740 s c . Th parachut was not rel as d 

from th sl d b caus th 1 ctrical arming d vic on the 

s r nbox whi h fir s th squib and linear shap d charg to 

v r th ris r lin s did not op rate. The parachute was 

over d und mag d, how ver. 

c. Runs at Mach 1.5; 0 • 2900 psf 

F ur sl d t st runs were mad which provided data 

for th comparative valuation of nylon and K vlar hemisflo 

p rachutes at Mach 1.5 and at a dynamic pressure of approximately 

2900 psf: t sts 6P-E3 and 6P-E6, for nylon, and t sts 6P-E9 

nd 6P-El0 for Kevl r. Typical sled performance and relativ 

wind curv s for th s t ~ s are presented in Figure 18. 

(1) Tes 6P-E3: Nylon Parachute 

This was on of the early tests which 

xperienced d ployment problems as discussed above. However, 

parachute infl tion from line stretch to full-open app ared 

normal. 

Cone and bag s paration distanc trajectories 

could not be obtained because sufficient timing and coverag 

w re not provid d by the trackside cam ras. 

Figure 19 presents the parachute performanc 

curves for this test. As the test parachut achieved a full

open condition and generated approximately 31,000 lb of foree, 
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almost simultaneously, two qores split from skirt to vont 

(including the skirt band but not the vent band) and eleven 

of the twelve suspension lines broke between the confluence 

keeper and the canopy skirt.  Figure 20 shows the condition 

of the parachute after the test. 

(2)   Test 6P-E6; Nylon Parachute 

Figure 21 and 22 present the trajectories for 

the deployment system components and the parachute performance 

curves, respectively, for this test.  All systems performed 

satisfactorily and the parachute was recovered undamaged; 

see the photograph in Figure 23. 

(3) Test 6P-E9; Kovlar Parachute 

As Figure 24 helps to show, all deployment 

system components functioned satisfactorily.  The parachute 

achieved line stretch at approximately 0.25 sec after deployment 

initiation and began to inflate shortly thereafter. 

Figure 25 presents the parachute performance 

curves for this test.  As the parachute beqan to inflate, 

the stitching failed between the vertical ribbons and the 

skirt band.  As parachute inflation continued, the vertical 

ribbon stitching failure progressed up the canopy gore toward 

the vent.  After the vertical ribbons separated from about 

five rows of horizontal ribbons, parachute inflation leveled 

off.  As the stitching failure progressed further, the parachute 

collapsed.  Figure 26 shows the condition of the parachute after 

the test. 

;4) Test 6P-F10; Kevlar Parachute 

All deployment system components functioned 

satisfactorily.  Figure 27 presents their trajectories. 
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The parachute performance curves for this test 

are presented in Figure 28.  Parachute inflation was normal 

and the parachute reached full-open at approximately 0.4 sec 

after deployment initiation.  The parachute remained fully 

inflated with no visible damage for about 0.1 sec, then the 

stitching started to fail between the vertical ribbons and the 

skirt band.  Progressive stitching failure occurred in the 

same manner as on test 6P-E9 and the parachute eventually 

collapsed.  Figure 29 shows the condition of the parachute 

after the test. 

d.  Runs at Mach 1.8; Q = 4000 psf 

Five sled runs were made which provided data for the 

comparative evaluation of nylon  and Kevlar hemisflo para- 

chutes at Mach 1.8 and at a dynamic pressure of approximately 

4000 psf; tests 6P-G1, 6P-G2, and 6P-G3 for nylon, and tests 

6P-G4 and 6P-G5 for Kevlar.  Typical sled performance and 

relative wind curves for these tests are presented in 

Figure 30. 

(1)   Test 6P-G1; Nylon Parachute 

Ml deployment system components functioned 

satisfactorily, Figure 31 presents their trajectories. 

Figure 32 presents the parachute performance 

curves for this test.  Parachute inflation was normal and a 

peak force of 38,650 lb was produced near the time that the 

canopy first achieved a full-open condition.  The canopy 

remained fully inflated and produced drag forces in excess of 

30,000 lb for about 0.1 sec.  Then, the skirt band broke 

in two places, ten of the twelve suspension lines broke near 

the skirt, and one gore split from the skirt to the vent band. 

Figure 33 shows the failure sequence and Figure 34 shows the 

condition of the parachute after the test. 
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( ) T st 6P- 2; Nylon P r hut 

All deployment system components function d 

satisfactorily. Deployme~t cone and bag sep ration dist nee 

trajectories could not be determin d becaus of th inability 

to discriminat betw en imag s of the t st items nd tho 

background terrain. 

Fi ur 36 pres nts the p r chut p rform nc 

curves for this test. Parachute perform nc for this 

t st was similar to th t obs rv d for the pr vious t st. 

Par chute infl tion w s norm 1 and a peak for of 38,854 lb 

was produc d n r th t ' m f c nopy first full-op n. Th 

canopy remained full-op n for ab ut 0.09 sec, t which 

tim the skirt b nd brok , ight of th twelv susp nsion 

lin s broke n r the skirt, and th c n py collaps d. Figur 

3 shows the condition of the parachute ft r th st. 

(3) Test 6P-G3, Nylon Parachut 

All deploym nt system components function d 

satisfactorily; Figure 37 presents their traj ctori s. Th 

ployment cone and b g separation dist nee h d to b scaled 

r m the back-up ribbon rame cameras because th trackside 

cameras of the primary engineering optical instrumentation 

system missed the deployment sequ nee. Deployment ev nt times 

usually includ .d with the trajectories re not presented in th 

Figur because they could not be determined with adequate 

accuracy from the ribbon frame cameras. 

Figure 38 presents the parachute performance 

curves for this test. Parachute inflation to full-open was 

normal and a peak opening force of 45,869 lb was produc d. 

At approximately the time of the canopy full-open, the 

confluence ke per broke in four pl es and th p r chut con

flu nc transferred to the first riser lin k per. Figure 

39 presents tw photographs: one which shows th par chut 
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with its confluence at the first riser line keeper as it trails 

the Arrowhead sled, and one which shows the locations of the 

breaks in the confluence keeper. No other damage was sus

tained by the parachute: Figure 40 shows its condition after 

the test. 

(4) Test 6P-G4; Kevlar Parachute 

All deployment system compon nts function d 

satisfactorily: Figure 41 pres nts their traj ctori s. 

Figure 42 presents the parachute performance 

curves for this test. Parachute inflation was not normal. 

As the parachute began to inflate, vertical ribbon stitching 

failure occurred in a m nner similar to that which occur d 

on test 6P-E9. The canopy never did reach a fully infl t d 

shape (Figure 43 shows the maximum stage of inflation) n 

became sever ly d ma d durin th run. Fi ur 44 shows h 

condition f th canopy aft r th test. 

(5) T st 6P-G5: Kevlar Par chut 

All deployment system components func ion 

satisf ctorily: Figure 45 presents their trajectori s. 

Figure 46 presents the parachute perform n 

u v s f or this test. Parachute inflation was normal nd 

h p rachute reached full-open at approximately 0.45 s 

aft r d loyment initiation. The parachute remained fully 

infl t d, as shown in Figure 47, with no visible dama 

for bout 10 sec. Vertical ribbon stitching failure b n 

to occur just prior to parachute release and progress rom 

th skirt band to the fifth row of ribbons. Figure 48 shows 

the ~ondition of the parachut after the t st. 

Runs at Mach 2.2; Q = 6500 ps 

Fiv sl d runs w re mad which provid d d t for h 

comparative valuation of nylon and K vlar h misflo par chut s 

86 



7 

lll 
(I) 

lll 
(I) 



HH|^^ 
^^W^^ piimiHiiMmiPwiwiiiiuiiu.iniiiiiiijiii tmrniK i'-"" ■•" ■ 

<  « 

So   oo 

Q:O:±XXO a.»-5iiJiuii. 
ro 
Ö 

o 
UJ 
in 

z 
o 

Ul 

< 

ü 
I 

a. 

Ul 

EH 

m 
4-1 
i: 
(D 
C 
o 
I 
o 
u 
c 
a) 
v 

10 

4-' 
c 

>i 
o 

rH 
a 
a) 
a 
ui 
o 
10 
0) 

•H 
M 
O 
4J 
u 
ai 
•n 

^ 

r-l 

O to ^-      ro       ro 
{•ld):)X+aX  30NVlSia N0liVyVd3S 

88 

•mmmmm    i I  HilllIM—MtejaM Ea^ra^^^^^^^KaagK»  —- --*—<-—■ ....-—..^^-A>^... 



-r.,|M. „,....,...  ^..p,!,,,,,, iiij.lJ"|^,y.T>''»p7W.viijiL,iiiiy'.-i»».»i.i!ii.1iii.1iv.ii.i»ijii.«'.'|.iHffwl'ii|1' ■iiiii.i'iin „imiiiii 

*   0 

STRBlLITflnNGULRR DISPlftCEMENT 

1           1            i            1 1 
— iü -t i 1 

  
- \: 

1   . 

  

— 
■— 

    
/ 

3« 
QUftDRftNT ftNaLE 

S IM-J 
UJ o_70- 

^ 
.>'• 

.   PROTtCTfD ftREft 
JO 

 ,— 

/ N,   

  

"            1 

a- 
10 l 

/ \     

  y \ 
i 

,  DRftQ COEFFICTENT 

8 

o > 

0 A    .AMH 
^r ̂

^ 

FORCE 

vEiocirrCTAS)(FP$) 

n703i    ~noo      l»00 

MftCH NO. 

Si        1.7 
wmn\c PRESSURE (QVPSF) 
J100 _      ' ' 

i't'nti MOO 

f   10        10 
TIME^EC) 
I JWO       _ 1300 

1700'   ISOOII»'" 

2,0        10        SO        io 

1100 

laoo '    liooo     TOO 

ro 

m.3i 

U   15 It   1,1    1.5    II       10 

3*00  4400     iOOö     liOO UOO 

jwö'j»«» ji«M800      1100 1000 
I   30OO  JtOO 

i'V, B  78 T 

71/13 
800 

Kitiinr   1.'.       Paraohuto   !1ort'ornuini-o  Curvi'S   -   Tost   bP-iM 

S'l 

" "'""maMMt:'aisg^'g«M*"MMM ^■»".l.'..l,.^. ....:.^,.-J.,-. ..„. .   ....  ,., .,., ...-,..;.       



wn^m mwmw Ml"!. ;IIWHIMU],III-I:.IM 

•1' 

I 

m 

0) 
-I-.1 

u 

fö 

P.. 

4J 

Gl 
H 

a) 

o 
c 
0 

■H 
+J 
(11 

rH 
4-1 — 
C     • 
H   >-, 

-U 
rH -H 
(0 M 

■H (Ö 
-P M 
^   U 
03 
&   U 

0 

■H T) 
S 0) 
0 £ 
X u 
W   3 

0 
x: -P 
a a) 
m u 
u 
Di o 
O  4J 

■p o 
O X 

40 

PI 

(1) 

3 
■rH 

r   .n,,,,,^,,.,,, ||M,.rfaa,|tMMMBI^a|il<M|^^ ^ 



1 '^ '•'•"l '•," l^pipnffwpwmwwwr mvr**w^T:■•'^r™'r^r*?^**Trrr^ v-nnw^qf-i 

I 
0. 

;' 

0) 

a) 
P 
-i 

.1: 
u 
v< 
HI 

-p 

ai 

0) 

P 

U I 

o 
x: 
O. 
HI 
S-i 

t" 
o 
p 
0 

Ch 

4-1 

10 
0) 

EH 

P 
tn 
o 
(X 

Ql 

■ H 

91 

 — —-'-^ --      - 



W*!»*1""1"!' ITW-»1——r. ^rnn^nr-i^n^np^^vm^nininv^^ 

z 

Q->£iija:o 

cccc-xxo 
CLh-SUJUJli. 

o 
wo 

IZ 
ov> 

00 
o 
o 

O 
iß 

o 
If) 

o o o 
(VJ 

(U) 0X + aX    ^ONVISIQ N0llVdVd3S 

m c 
i a, 

4-1 
cn 
a) 

EH 

c 
a) 
c 
o 
0, 
E 
o 
u 
i.i 
a) 

■p 
w 

4-1 

N 
0 

a 
0) n 

o 
10 
0) 

•H 
n 
o 
4-1 
u 
0) 

■n 
it) 
u 
H 

a) 

•H 

i)2 

.^......v :. ■. -.-^a.; .aaaa,a"»«««^^a^atiJ*^aa^ffi ^^^s^^mmm:^.::.:^.y-...::.    , . ■„. ;: 



immm^mmmmmm^^'mimm'iim mmnififm^m^^^^ 

u» Li 
Ui 

STMIUTY 

nm U-^A-v 

At - 

i-w.  

6r-t;5 

r 
»JftORflNT ftHGLE —. —r ^.-- 

V^wv VV^H^ 

n 

to PMIICTEDAREfl 
I 

-4- 
-4- 

/ 

DRftGLCQEEflCKNI 

3: 
■t ..- A' 

;W^^3^^- 

.FORCE 

/•       io      &       to 
TIME(5Eq 

i.0       W 

MACH Ma 

im a 

VELOCITr(T«^(F^ 

rui.<ti HM 
DYNAMIC mSSURS(Q)(P5F) 

4 LS   n   U    U     LI        L« t 

n«»    I>DC _   aeo  |      ( ( 

l|0O~l«OO      nOO-*      MM    IKM       »W 

•BOO  VIOO       (900        ItOO _ 

J37 

IlkU 

Ma^ui JK» j*»   uaocaue   vao   MOO       IUO     taoo ra A*» 

P'iqurc   46.      Parachute  Performance  Curves  -  Test   6P-G5 

q i 

 .- ■-.'■-.- ■.-■-'>■ ^■-.--—.■^..., ..-.■...•^.■»,.—  ■..■^--.■^.■, ...■.-.,. „-^...^.^.— .-....^.^-r ■■ iiii'iinjimiiiiiiiiijii 





\D
 

\J
1 

F
ig

u
re

 
4

8
. 

P
o

s
t 

T
e
s
t 

P
h

o
to

g
ra

p
h

 
o

f 
th

e
 

T
e
s
t 

P
a
ra

c
h

u
te

 
-

T
e
s
t 

6
P

-G
5

. 



at Mach 2.2 and at a dynamic pressure of approxima t l y 6500 ps f ; 

tests 6P-Hl, 6P-H2, and 6P-H3 for nylon, and tests 6P-H6 and 

6P-H7 for Kevlar. Typical sled performance and relative wind 

curves for these tests are presented in Figure 49. 

(1) Test 6P-Hl; Nylon Parachute 

All deployment system components functioned 

satisfactorily. No separation trajectories are presented 

because only the trajectory f r the deployment cone was 

obtained. The trackside cameras were positioned incorrectly 

and missed most of the deployment and inflation processes. 

Figure 50 presents the parachute performance 

curves for this test. The parachute r ached line stretch at 

approximately 0.22 sec after deployment initiation where 

it generated a snatch ~ore of 55,692 lb. The lines became 

slack as the parachute rebounded from line stretch. The canopy 

started to inflate during the rebound and reached approximately 

80 percent of its full-open area when the lines were stretched 

f or the second ime and a force of over 70,000 lb was 

gene rated. At the time of the second line stretch, nine of the 

twelve parachute suspension lines broke between the confluence 

k per and the c nopy skirt, three vertica l ribbons broke, 

nd the stitching between the vent band and six radials broke. 

Figure 51 shows the condition of the parachute after the test. 

(2) Test 6P-H2; Nylon Parachute 

All deployment system compone nts fu c tione d 

satisfactorily; Figure 52 presents their trajectories. 

Figure 53 presents the parach te performance 

curves for this test. The parachute produced a snatch forc e 

of 41,867 lb at line stre tch and started to inflate approximate ly 

0.02 sec later. Inflation was not normal, however. The canopy 

in f lated to only a p pr oximately 30 percent of i ts full open area 
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nd remained in this "squidd d" condition for about 0.93 sec. 

During this period h canopy exhibit d considerabl br athing, 

pulsing, and ribbon flutter. (This p rachut had horizont 1 

ribbons whose widths w r found to b outside th llowabl 

sp cification of 2 t l/16in. They w r , in fact, 1 7/8 in. 
wid , which gav a canopy porosity of 19.9 p rc nt. This 
higher porosity may have contributed to canopy sguidding.) 

After the sl d had slowed below M ch 1.9, the canopy inflated 

to full open condition. Some damag to th horizon 1 ribbons 
near the skirt was observ d ft r the canopy inflated nd th 

d mage incr ased during th t st to th amount shown in Figur 54. 

(3) T st 6P-H3: Nylon Parachut 

All deployment system components functioned 

s tisfactorily: Figure 55 presents their trajectories. 

Figur 56 pr sents th parachute performanc curv s 
for this t st. Th parachut began to infl te at approxim tely 
0.25 sec fter deployment initiation and produced the maximum 
opening fore of 57,067 lb only 0.03 sec later. At 0.32 s c 

fter deployment initiation and before the canopy achieved 80 
percent of its full-open area, considerabl canopy dam ge was 

sust ined. One ribbon was broken near th vent of on gore: two 
ribbons w r broken near the center of another gor nd, two 
or three ribbons w r broken near the skirt across two other 

gores. 
damag 

Three of th six vent lines were also broken. This 

probably contributed to the slow opening of the can py; 
c nopy first full-open occurred at 0.54 sec after deploym nt 

initiation. 

The parachute failed to release from the sled and 
was dragged along the track, sustaining considerable additional 

damage as shown in Figure 57. 
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(4) Tost 6r-116; Kevlar Parachute 

Parachute deployment was not normal.  The cone 

riser broke at the pin link of the deployment cone immediately 

after the riser became stretched.  Pilot chute deployment and 

inflation were normal, however. As the test parachute was 

separating from the sled, the ban turned sideways and exposed 

a group of lines to the airstream.  This qroup of lines exited 

the baq prematurely and initiated deployment of the remaininq 

lines and canopy before the baq could fully separate from the 

sled.  Figure 58 shows that all the linos and canopy were out 

of the baq before the baq had completed 50 percent of its 

required separation distance from the sled. 

Figure 59 presents the parachute performance 

curves for this tost.  The parachute reached line stretch with 

the canopy inflated to approximately 20 percent of its full-open 

area.  A snatch force of 5 3,674 lb was produced and the canopy 

was severely damaged.  The on-board camera coverage showed that, 

immediately after line stretch, a number of horizontal ribbons 

were broken and most of the vertical ribbons were pulled away 

from the horizontal ribbons.  The canopy remained only partially 

inflated throughout the test run, sustaining considerable 

additional damage as shown in Figure 60. 

15)   Test 6P-117; Kevlar Parachute 

All deployment system components functioned 

satisfactorily; Figure 61 presents their trajectories. 

Parachute operation after lino stretch was not 

normal, however.  Immediately upon line stretch, the canopy 

generated 62,000 lb of snatch force and the confluence keeper 

broke in two places separating the suspension lines into two 

groups.  Immediately after line stretch, the canopy rebounded 

toward the sled and the lines went slack.  Four more line stretch 

and rebound cycles followed before the canopy started to inflate. 
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2. PERFORMANCE OF Till", DEPLOYMENT SYSTEM COMPONENTS 

All sled tost runs after 6P-F2 (runs G through 20) 

incorporated the deployment system components described in 

Appendix C.  These components functioned satisfactorily on all 

but two of the tests.  On test 6P-H5, the parachute attach- 

ment/deployment/release mechanism malfunctioned and released 

the parachute immediately upon deployment initiation.  On 

test GP-HG, the deployment control break ties did not hold 

the parachute in the bao for the full separation distance of 

the baq from the sled. 

For all tests that provided data and where the deployment 

system components functioned satisfactorily, the actual 

separation distance-time histories of the baq fell within the 

band of trajectories predicted by the calculation technique 

used to select the strenqths of the deployment control break 

ties.  This means that, althouqh little was known about the 

aerodynamic performance characteristics of the deployment 

components in the wake of the Arrowhead sled, estimation of 

minimum and maximum expected performance levels can be used 

to obtain reasonable results. 

Therefore, the deployment control break tie desiqn 

calculation technique described in Appendix C has been 

shown to be a satisfactory method which can be used to 

determine the number, locations, and strenqths of parachute 

break ties that will control the deployment of nylon and 

Kevlar hemisflo ribbon parachutes at supersonic speeds and 

hiqh dynamic pressures. 
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! PERFORMANCE   OF   THE   TEST   PARACHUTES 

Values   for   the   important   pertormance   parameters  of   the 

nylon  and   Kovlar   5   ft   diameter  hemisflo   parachutes  are 

summarized   in   Table   8.      At  each  of   the   three   nominal   deployment 

Mach numbers,   Mach   1 . ri,   1.8,   and   2.2,   sufficient   data was 

obtained   to  allow   'or   comparative  evaluations   of   the 

deployment   forces,   canopy   inflation  characteristics,   steady 

stale  performance,   and   material   struetural    intoqrity  of   the 

nylon     and   Kcviar   parachutes. 

a. DepLoyment    Forces 

During the period from parachute deployment initiation 

until the parachute canopy started to inflate, a number of 

force spikes were recorded on the oscilloqraph record for each 

test.  The larqest force spike usually occurred iust before the 

canopy started to inflate when the lines and canopy were all 

stretched out and were "snatched" up to the velocity of the 

sled; that is, at line stretch.  This force was called the 

snatch force.  However, on three of the tests the larqest 

force spike occurred prior to line stretch.  Values for the 

maximum force spikes which occurred durinq deployment were 

plotted as functions of the freest ream dynamic pressure at 

deployment, initiation and arc presented in Fiqure 64.  The 

maximum deployment force increased almost linearly with 

dynamic pressure for both the nylon and   Kovlar parachutes. 

The Kcviar parachutes exhibited considerably higher deploy- 

ment forces than the nylon parachutes for dynamic pressures 

above 3,000 psf. 

b. Canopy Inflation Characteristics 

(1)        Filling  Time 

The   filling   time,   tf  was   taken   as   the  difference 

between   the  time  of   line   stretch,   t.«,   and   the   time  of 

canopy   first   full-open,   t FO" That   is. 
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t  = t   - t f    FO    LS (8) 

where canopy first full-open was defined as that event where 

the value of the canopy projected area during inflation first 

equaled the steady state projected area. 

Filling times are tabulated in Table 8 only for 

those tests where canopy inflation was considered normal.  All 

filling times were relatively short, less than 0.23 seconds, 

and did not appear to be influenced by deployment conditions 

or parachute material type. 

(2)   Opening Force 

The opening force, F , was defined as that 

peak force which occurred during canopy inflation or just 

after canopy first full-open.  Values for the opening force 

are plotted as functions of dynamic pressure in Figure 65. 

For given line stretch dynamic pressures, the opening forces 

for the Kevlar parachutes were lower than the opening forces 

for the nylon parachutes. 

Also plotted on Figure 65 are the straight lines 

obtained using tl.e equation on page 164 of the "Parachute 

Handbook" (Refer mce 6) which is recommended for calculating 

opening forces.  This equation was written as: 

F  = C^  S   QTC  X o    Do   LS 
o 

(9) 

where:  (1) Cn was the average value of the steady state 

drag coefficients, 0.4 68 for the nylon parachute and 0.383 

for the Kevlar parachutes; (2) S was the nominal canopy 

area, 19.635 sq ft for both parachute types; (3) Q  was 

the independent parameter of dynamic pressure at line stretch; 

and (4) X was the average value of the opening shock factors, 

1.17 for the nylon parachute and 1.15 for the Kevlar para- 

chutes.  Because the data groups closely around the straight 
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lines,   it   is  apparent  that  Equation  9  can  be  used 

to  yield   reasonable  approximations  of  the peak   forces 

generated  during canopy  inflation  of nylon  and Kevlar 

hemisflo   :ibbon parachutes   at   supersonic  speeds  and  high 

dynamic  pressures, 

(3)     Opening  Shock   Factor 

An  opening   shock   factor,   X,   was  defined   as 

the   ratio of   the opening   force,   F   ,   and  the  product  of   the 

average   steady  state  drag  coefficient,   C     ,   the  nominal 

canopy   area,   S   ,   and   the  dynamic   pressure   at   line   stretch, 

QTC.      That   is: 

X  =   F   /(Cn     S^   QTq) 
o        D        o      LS o 

(10) 

A   value   for   opening  shock   factor  was  calculated  only   for 

those   tests  which  had normal    canopy   inflation  and   from 

which   a   steady  state  drag   coefficient  was   obtained. 

The  average   opening   shock   factors   for   the 

nylon  and  Kevlar hemisflo  ribbon  parachutes were  approxi- 

mately   the  same,   1.17   for  nylon   and   1.15   for  Kevlar. 

c.        Steady  State  Performance 

(1)     Drag  Coefficient 

The   steady   state   drag  coefficient,   C      ,   was 

defined  as   the  ratio  of  the   instantaneous  parachute  8rag   force, 

D,   and   the  product   of   the   instantaneous  dynamic   pressure,   Q, 

and  the   nominal  canopy  area,   S   .     That  is: 

CD     =   D/(Q   So) 
o 

(11 

An   average  value   for  the   steady  state drag  coefficient   over 

approximately     1   sec-   of   parachute   operation   is   tabulated 
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in Table 8 for each tost that had normal steady state parachute 

operation.  These were the values used in the opening shock 

factor equation.  Averaqos of these values were used in the 

opening force equation.  The overall average steady state drag 

coefficient for the nylon parachutes of 0,468 was 22 percent 

higher than the average value of 0.383 for the Kevlar parachutes. 

Steady state drag coefficients were also plotted 

a^ functions of Mach number and dynamic pressure and arc 

presented in Figures 66 and 67   The drag coefficients for the 

nylon parachutes were hiqher than for the Kevlar parachutes 

for all Mach numbers and dynamic pressures. 

Various suspected causes for these differences 

in drag coefficients were analyzed, including differences in 

canopy projected area, increased canopy porosity due to verti- 

cal ribbon damage on some of the Kevlar parachutes, and 

parachute stability.  No explanation was found for the fact 

that the nylon hemisflo ribbon parachutes exhibited higher 

steady state draq coefficients than their Kevlar counterparts. 

(2) Stability Angle 

After the parachute became full-open, the 

oscillation angles for all parachute types were very small, 

usually less than 2 deg.  Therefore, the oscillatory stability 

for both nylon and Kevlar hemisflo ribbon parachutes operating 

at supersonic speeds and high dynamic pressures can be considered 

excellent. 

(3) Projected Area 

The average full-open projected area (for 

approximately 1 sec after first full-open) of the undamaged 

nylon parachutes ranged from 7.6 to 9,0 sq ft, with an overall 

average value of 8,4 sq ft.  The projected area of the Kevlar 
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parachutes ranged from 7.6 to 8.4 sq ft, with an overall 

average value of 7.9 sq ft.  The average projected area of the 

nylon parachutes, then, was 6 percent higher than the average 

projected area of the Kevlar parachutes. 

The average projected areas yield average 

inflated diameters of 3.3 and 3.2 ft, respectively, for the 

nylon and Kevlar parachutes. 

d.  Material Structural Integrity 

Since one of the basic objectives of the test 

program was to determine design criteria for the strength 

of the material components of the nylon and Kevlar parachutes, 

the test conditions and material strengths were chosen such 

that ultimate loads might be determined for the suspension 

lines, horizontal ribbons, and the skirt band.  Assessment 

of the damage incurred during specific portions of the test 

run has yielded some measure of the structural integrity of 

certain material components of nylon and Kevlar hemisflo 

riobon parachutes operating at supersonic speeds and high 

dynamic pressures. 

(1)   Suspension Lines 

The nominal rated breaking strengths of the 

suspension lines, SLS, are plotted as functions of the peak 

openina force, or snatch force where appropriate, in Figure 

68.  Also plotted in the Figure is the straight line 

described by the equation which is recommended on page 378 

of the "Parachute Handbook" (Reference 6) for selecting the 

strength of the suspension lines for deceleration (drogue) 

parachutes of aerospace vehicle recovery systems. 

For the nylon parachutes, all but one of the 

parachutes which had suspension line strengths below the 

design line exhibited major structural damage to the lines. 

And, all but one of the nylon parachutes which had suspension 
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line strengths above the design line exhibited no structural 

damage to the suspension lines. This means that the line 

described by the Handbook Equation is a better approximation 

of the ultimate suspension line load rather than a design 

line to be used for selecting adequate suspension line strengths 

for nylon hen.isflo parachutes which operate at supersonic 

speeds and high dynamic pressures. 

No Kevl r suspension lines failed during this 

test program and no Kevlar parachute produced opening or snatch 

forces sufficiently large enough to yield suspension line 

strengths below the design line. Therefore, no design criteria 

could be established for the suspension lines of the Kevlar 

parachutes. 

(2) Horizontal Ribbons 

The nominal rated breaking strengths of the 

horizontal ribbons, HRS, are plotted as functions of the peak 

opening force in Figur~ 69. Also plotted in the Figure is a 

lin through the data which is described by the equation 

which h 

HRS = 0.12 F
0 

(12) 

Because none of the nylon or Kevlar parachute s 

ribbon strengths above the line exhibited any 

structural damage to the horizontal ribbons, while some of 

those below the line did show major ribbon damage, Equation 12 

can be used as a first approximation of the ultimate load 

in the horizontal ribbons of nylon and Kevlar hemisflo para

chutes ope rating at supersonic speeds and high dynamic 

pressures. 

(3) Vertical Ribbons 

While th vertical ribbons are not generally 

considered a major structural load-carrying component of 
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ribbon parachutes, the amount of damage sustained by these 

ribbons during this test program may justify a reapraisal of 

that philosophy; especially for Kevlar ribbon hemisflo para- 

chutes operating at supersonic speeds and high dynamic pressures 

Five out of the six Kevlar parachutes tested during this 

program sustained major damage to the vertical ribbons; on 

three of the tests they were the only components to sustain 

major damage. 

(4)   Other Components 

Structural damage to other parachute material 

components such as skirt and vent bands, radial webbings, 

and vent lines did not occur over a wide enough range of test 

and performance parameters to permit the establishment of any 

structural dosiqn criteria for them. 
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SECTION IV 

CONCLUSIONS 

A total of 20 sled test runs were made during this 

test program; 3 tests provided no parachute performance data 

because of deployment system malfunctions, 3 tests were made 

at Mach 1.2 to establish a high speed, high dynamic pressure 

deployment technique, and 14 tests provided sufficient data 

at each of three nominal deployment Mach numbers, Mach 1.5, 

1.8, and 2.2, to allow for the comparative evaluations of 

the performance characteristics of 5 ft diameter nylon and 

Kevlar hemisflo parachutes operating at dynamic pressures up 

to 6000 psf. 

(1) The maximum deployment forces increased almost 

linearly with deployment dynamic pressures for both the nylon 

and Kevlar parachutes. The Kevlar parachutes exhibited 

approximately 50 percent higher deployment forces than the 

nylon parachutes for dynamic pressures from 4000 to 6500 psf; 

at 3000 psf, the deployment forces for the nylon and Kevlar 

parachutes were approximately equal. 

(2) The filling times for both parachutes were 

relatively short, less than 0.23 sec, and did not appear to 

be influenced by deployment conditions or parachute material 

type. 

(3) For line stretch dynamic pressures from 2600 to 

6400 psf, the opening forces for the Kevlar parachutes were 

approximately 22 percent lower than for the nylon parachutes. 

(4) The average opening shock factors for the nylon 

and Kevlar hemisflo ribbon parachutes were approximately the 

same, 1.17 for nylon and 1.15 for Kevlar. 

(5) The overall average steady-state drag coefficient 

for the Kevlar parachutes of 0.383 was 18 percent lower than 

the average value of 0.468 for the nylon parachutes. 
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(6) The steady-stato oscillatory stability for both 

nylon and Kovlar hemisflo parachutes was considered excellent; 

stability angles were 2.0 degrees or less. 

(7) The average, full-open projected area of the 

nylon parachutes of 8.4 sq ft was 6 percent higher than the 

average projected area of the Kevlar parachutes of 7.9 sq ft. 

Assessment of the damage incurred during specific 

portions of the test runs has yielded some measure of the 

structural integrity of certain material components of nylon 

and Kevlar parachutes operating at supersonic speeds and high 

dynamic pressures. 

(1) The "Parachute Handbook" Equation of SLS = 

2.91 F /n (Reference 6), which has been used in the past to 

select suspension line strengths, SLS, for drogue type para- 

chutes in terms of parachute opening force, F , and the 

number of suspension lines, n, has been shown to give a good 

approximation of the ultimate load in the suspension lines 

of nylon hemisflo parachutes operatinq at line stretch dynamic 

pressures from 2400 to 6400 psf. 

(2) The ultimate load in the horizontal ribbons, MRS, 

of nylon and Kevlar hemisflo parachutes operating at line 

stretch dynamic pressures from 2400 to 6400 psf can be 

approximated by the Equation MRS = 0.12 F . 

(3) The considerable amount of damage sustained 

by the vertical ribbons, especially on the Kevlar parachutes, 

during this test program indicates that the generally accepted 

practice of assuming that the vertical ribbons are not a 

major load-carrying component may have to be revised. 

For approximately equal strength hemisflo parachutes, 

the weights of the Kevlar canopies were between 38 and 55 

percent of the weights of the nylon canopies. Thus, the 

results from this test program have shown the realization 
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of the potential weight savings of Kevlar substitution for 

nylon in hemisflo ribbon parachutes. 

There were no significant difficulties associated 

with the fabrication of the parachutes made from the new 

high-strength, low-modulus Kevlar materials. 

The deployment control break tie design calculation 

technique presented in this report has been shown to be a 

satisfactory method which can be used to determine the 

number, locations, and strengths of parachute break ties 

that will control the deployment of nylon and Kevlar hemisflo 

ribbon parachutes at supersonic speeds and high dynamic 

pressures.  This calculation technique also provides satis- 

factory predictions of separation distance- time histories 

of the parachute bag during deployments from the Arrowhead 

and Tomahawk sleds. 

The Supersonic-X-3 parachute performed well as a pilot 

chute on all tests during this program; for deployment Mach 

numbers from 1.2 to 2.2 and deployment dynamic pressures 

from 2110 to 6678 psf. 
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APPENDIX A 

DESCRIPTION OF THE ARROWHEAD SLED 

1.       PRELIMINARY DESIGN 

a.   Design Requirements for a Mach 3 Sled 

In June 1960, what is now the Recovery and Crew 

Station Branch of the Air Force Fliqht Dynamics Laboratory 

awarded a contract to the Cook Research Laboratories (CRL), 

a division of the Cook Electric Company, Chicago, Illinois, 

to develop, design, construct, and test a parachute qround- 

borne rocket propelled test vehicle capable of deploying 

deceleration devices at a sea level speed of Mach 3. 

Specifically:  the test vehicle was to be suitable 

for operation on the (then) 20,000 ft track at Edwards Air 

Force Base, California; a pusher typo sled vehicle was to 

be considered; the maximum sled weight, not including the solid- 

fuel rocket motors, was not to exceed ?,000 lb; a minimum 

speed of 3,300 ft/sec was to be obtained at the time of para- 

chute deployment; the minimum distance between fore and aft 

slipper pairs was to be 18 ft; the minimum height of attach- 

ment point for the aerodynamic deceleration device was to be 

7 ft above the top of the rails; the subsonic drag area of the 

sled was to be less than 12 sq ft; the structure of the test 

vehicle was to be designed to accommodate a maximum horizontal 

drag load of 200,000 lb, and a lateral load up to 30,000 lb, 

to be applied at the parachute attachment point; a rectanqular 

container with a clear storage volume of 2.5 cu ft for 

storinq the parachute was to be provided; and, the vehicle 

was to bo capable of withstanding all forces and accelerations 

imposed upon it durinq operation. 
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b. Basic Configuration 

The sled configuration selected by CRL to meet the 

above requirements had as its primary member a swept vertical 

fin whose plan form described a half-delta section. This fin 

member positioned the parachut~ attachment point seven feet 

above the track rail and transferred loads developed by the 

parachute to fore and intermediate cross members. These struc

tural cross members distributed the loads through the slippers 

equally to each of the track rails. Power to drive the sled 

was to be provided by five rocket motors positioned in-line in 

a horizontal plane and mounted to the aft face of the inter

mediate cross member at the base of the vertical fin. Fairings 

were provided ahead of each of the sled cross members to 

minimize drag and flow field interferences. A third cross 

member s upported the nozzle end of the rocket motors. Spacers 

were provi ed at the head end of the rocket motors to permi t 

installation of the motor ignitors. 

The CRL sled design called for the use of the 

slippers, the water brake, and the pusher sled which were 

available at the Edwards Track and would be adaptable for use 

with either Genie or Nike rocket motors. 

Several innovations, unique for parachute sleds, 

were incorporated in the CRL design to minimize weight and 

insure structural integrity. A large portion of the water 

brake was to be buried within the sled structure. Honeycomb 

panels were ~o be used in place of sheet metal skin over most 

of the external surface. And, the leading edge fairing of 

the swept vertical fin would also serve as part of the main 

parachute load tension member. 

The sled control system and instrumentation elec

tronics were to be packaged in a compartment in the horizontal 

structure forward of the intermediate cross member. The movie 
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cameras wer to be mounted in a compartment below the parachute 

storage compartment on the aft face of the vertical fin. 

A sketch of the Mach 3 sled configuration selected 

by the Cook Research Laboratories is shown in Figure A-1. 

c. Wind Tunnel Tests 

Wind tunnel tests were performed at the CRL wind 

tunnel to compare characteristics of two basic sled shapes 

and to confirm performance predictions. The test program 

investigated the variation of drag area, normal force, and 

wake interf rene effects for the candidate configurations. 

The Mach numb r range covered was from 1.84 to 2.00. Figure A-2 

shows a photo raph of the wind tunnel models tested. 

The wind tunnel test results indicated that the 

in-line configuration results in higher performance than the 

up-swept configuration and that the up-loads for both configura

tions wer within maximum allowable track limits. Analysis of 

schlieren phot raphs indicated that both configurations 

exhibit similar flow field characteristics. The results from 
analyses of the schlieren photographs and wake survey pressure 

measurements are presented in Figure A-3. 

The above information on the preliminary design 

of the Arrowhead sled was obtained from Reference 9. 

<9)aroderick, Milan A.: Study, Design and Fabrication 
ersonic Parachute Sled Test Vehicle, Contract No. 

AF , Coo Researc La rator1es Des1gn Ana ysis 
Report P-2019, November 1960, and Progress Reports P-2019, 
1 through 5, August 1960 through April 1961. 
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2. INTERMEDIATE   DESIGN 

a. Design   Requirements   for  the  Arrowhead  Sled 

In  1961,   Air  Force   track   testing was   transferred 

from  the  Edwards   Track   to   the   (then)    35,000   ft Hoiloman  Track 

and  the Mach   3  sled contract with  Cook  Research  Laboratories 

was   terminated.   The Holloman  Track   then   undertook  the   in- 

house  redesign  and  fabrication of  the Mach   3 sled  for operation 

on  the  wider  track  gage  at  the  HDlloman   Track.     In  an  effort 

to  reduce   the  design  sophistication   and  the projected  high 

operating  costs,   the  operational   and  physical  design   require- 

ments   for   the  supersonic  aerodynamic  decelerator  sued  test 

vehicle were  modified by  the  Air  Force  Flight  Dynamics 

Laboratory. 

Specifically,   the  new  sled was   to provide  a  deceler- 

ator  deployment   speed  regime   from 1500   to  2750   ft/sec.   This 

reduction  in  maximum sled  velocity  also   resulted  in  lowering 

the  maximum  longitudinal  and  lateral   forces  applied to  the 

sled to   150,000   and 15,000   lb,respectively.     As  required   for 

the Mach   3   sled,   the  redesigned  sled was   to  incorporate  a 

2.5 cu   ft   storage  compartment   for  the  test   item,   a  test 

item deployment   system,   test  item disconnect,   and  the  necessary 

on-board  instrumentation  to  sense,   telemeter,   and photograph 

the   test  item performance  data.   An  aerodynamically clean  and 

faired  sled  superstructure was  desired  to  minimize  sled wake 

effects  on   decelerator performance. 

b. Candidate  Configurations 

The  Holloman  Track  considered  two basic  sled  con- 

figurations.   Both  incorporated  the basic  characteristics   of 

the  Cook  Research Laboratores Mach   3  sled design  and  con- 

sisted of  two stages;   the   foresled     and booster package  and 

the  pusher  sled. 
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Descriptions of the test s ~-up, instrumentation, procedur , 

models, hardwar , nd s lect d re&ults rom these tests can 

be found in Ref r nc s 10, 11, nd 12. 

In the first wind tunnel test series (Referenc 10) 

seve1al modific tiona of the two basic .sled designs were t sted 

with the models mounted in t~e presence of a ground plane and 

at z ro angl of attack with rails designed to simulate th 

Holloman ~rack and trough. On the V-bottom sled, the leadin 

dge of the aft slipper wedge was sh rp, and both sharp and 

blunt leading edges were tested on the flat-bottom sled. On 

both basic sled models the vertical fin leading edge could b 

ith r sharp or blunt. Two boost r configurations were tes d 

with ch sl d mod 1: a clust r of five Genie motors and a 

clus r f v Nik mo ors. In ddition, two V-bottom con-

ura i ns w t d with nd without mod 1 p r chut s 

pl y d at v dist nces aft of th sled. During th 

ph s , 17 sl d configurations wer t st d and 10 con-

1l w r t d dur'ng the pr ssur ph s , M h 

f 1. 4 7, 1. 75, 2, 2.5, and 3. Regular and schli r n 
phot r phs from three tests f the V-bottom sled model wi 

G ni boost rs nd tr iling model parachute are pres nt d 

in Fi ure A-4. 

Supersonic Wind Tunnel Tests of the 
Parachut T st Sled, Arnold Engineering Developm n 
port AEOC-TDR-64-38, (AD 431 849), March 1964. 

h 

(ll)Jenke, L.M. and Lucus, E.J.: 1 
T s s of a Parachut Test Sled, Arnola Engineering Dev lopment 
C nt r Report AEDC-TDR-64-203, (AD 448 066), Octob r 1964. 
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a. Regular Photograph; V-Bottom Mod 1 with Genie 
Boosters and Hyperflo Parachute. 

b. Schlier n Photograph; V-Bottom Mod 1 with Genie 
Boosters and Hyperflo Parachute. 

Figure A-4. Regular and Schlieren Photographs of the Intermediate 
Design Arrowhead Sled Wind Tunn 1 Model During a 
M h 1.5 Test (From Ref r nee 10). 

142 



In the second wind tunnel test seri s (Refer nc 11) 

two sled configurations were investigated which were id ntical 

except for the rear slipper wedge design. For both configurations, 

the lateral cross section of the aft wedge had a bottom surface 

of an inverted "V". The differences in the two were in th 

leading edge droop angle and the planform area. Both configura-

tions used boost r model of five Nike rocket motors. Force 

data was obtained t .M ch numbers 1.42, 1.72, 2, 2.49, nd 

2.97. 

The most promising sled confi ur tion from th s 

two t st s ri s was s lect d for th third s ries of t sts 

(Ref renee 12) . The d t ils of the select d mod 1 are pr s nt d 

in Figure A-5. Th r sults from the second s ri s t sts of 

this mod 1 ndic t d th t signific nt ch ng s in the ro-

dyn mi for s 0 urr d b twe n M ch 1.5 and 2.0. Th third 

s ries o sts w s mad to d termine the sl d fore s t 

int rm di t M h numb rs within this r ng . D t w s ob in d 

t Ma h n mb rs 1.5, 1.62, 1.75, 1.87, 2.0, 2.5, nd .0. 

A schli ren ph to r ph from these tests is pres nt d in 

Fi u A-6. 

FINAL D IGN 

A h 

whi h w s 

sk t h of the Arrowh ad sl d confi ur i n 

d by the Holloman Tr ck for d t il d ll 

nd f bri ion is r s nt d in Fi ur A-7. Th sw v rti 1 

fin lop s upw rd lon th bottom from front to r r, h 

sh p of th int rmediate nd ft w dg sis an inv rt d "V", 

nd all leading edges are sharp. The captive boost r p ck 

will ccommod te up to five Nike rocket motors and incorpor t s 

th prob brake. Th st p rachut tt chm nt point is 

lo t d 7 f bov the r ils as requir d. Th p r hu 

tt hm nt, tt chment cover, nd box, and m ra box assemblies 

lt attach to lhe v rtical column of th swept fin nd are 
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b. Details of the Booster Package. 

Final Design Arrowhead Sled Wind Tunnel Model 
(From Re ference 12 ~ 
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readily removable. The storage volume of the parachute box 

is the required 2, ri cu ft and parachute rebtraininq/release 

mechamisms are provided on the parachute box. 

4. SLED FABRICATION 

Fabrication of the Arrowhead sled began early in 1964 

and was accomplished almost entirely at the Holloman Track. 

Some steel and aluminum materials procured under the Mach 3 

sled contract with Cook Research Laboratories were used and 

some machining was done at the Air Force Flight Dynamics 

Laboratory (AFFDL).  The Holloman Track and the AFFDL shared 

the cost of the instrumentation and the AFFDL supplied the 

Nike rocket motors.  Fabrication was completed in mid 1965, 

and the Holloman Track designated the Arrowhead sled as IDS 6328 

5.      SLED CHECKOUT RUNS 

The first checkout run, 6P-A1, was conducted on 

2 September 1965 to verify sled performance and establish 

sled acceleration and structural loadings.  Photographs of the 

Arrowhead sled which were taken just prior to launch are 

presented in Figure A-8,  The captive pusher  sled was loaded 

with three live and two inert Nike rocket motors.  Immediately 

after initiation of rocket ignition; one motor ignited and 

burned normally, one motor failed to ignite due to a faulty 

ignitor, and the third motor blew the igniter out of the 

case.  The resultant release of flame and hot gases from the 

head end of the booster extensively damaged the sled structure 

and destroyed the telemetry system except for the transmitter 

and four amplifiers.  The photograph presented in Fiqure A-9 

shows the damage area. 
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Figure A-8. Photographs of the IDS 6328 Arrowhead Sled 
Taken Just Prior to Its First Launch. 
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The Holloman Track repaired the damage, replaced the 

telemetry system, and conducted the second checkout run, 

6P-C1, on 14 April 1966.  The booster configuration was the 

same as for the first checkout run.  All motors ignited and 

burned properly.  The Arrowhead sled and captive pusher were 

accelerated to Mach 0.95. 

The third checkout run, 6P-B1A, was conducted on 

26 April 1966 and was also a success.  Five Nike motors 

accelerated the sled to Mach 1.89. 

The fourth checkout run, 6P-D1, was conducted on 

17 June 1966.  The Arrowhead sled for this run was the "full- 

up" configuration.  A full complement of 10 Nikes were loaded 

on the pusher sleds, all test parachute attachment, restraining, 

deployment, and releasing components were installed and a 

sample test parachute was packaged in the parachute box.  The 

second stage Nike cluster failed to ignite and a maximum 

speed of only Mach 1.11 was obtained.  Parachute deployment 

occurred at Mach 0,56. 

The fifth and final checkout run, 6P-D2, was con- 

ducted on 22 July 1966.  This was also a full-up Arrowhead 

sled configuration.  All Nike motors operated as planned 

and a maximum speed of 2886 ft/sec, or Mach 2.55, was 

achieved.  Minor damage and structural overloads were 

sustained by the booster packages and parachute deployment 

occurred prematurely. 

Holloman redesigned and rebuilt the lov/er aft 

slipper beam of the noncaptive pusher sled, reinforced the aft 

slipper beam of the captive pusher sled, installed a channel 

on top of the parachute box to provide additional parachute 

tie-down locations, and declared the IDS 6328 Arrowhead sled 

fully operational in early 1967. 
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APPENDIX   B 

DESCRIPTION   AND   DESIGN   OF   THE   5   ET 
NOMINAL   DIAMETER  I1EMISFLO   PARACHUTES 

1. GENERAL   DESCRIPTION 

The hemisflo parachute has a canopy which is designed as 

a hemisphere with a truncated cone extension beqinninq at the 

periphery of the hemisphere.  The slant height of the truncated 

cone is equal to one-twentieth of the circumference of a qreat 

circle of the hemisphere.  The included anqle of the cone is 

equal to the anqle between two diametric suspension lines. 

The suspension lines have a free lenqth (from the canopy skirt 

to the confluence) equal to the circumference of a qreat circle 

of the hemisphere.  The hemisphere and truncated cone actually 

have a lateral cross section of a reqular polyqon of n sides 

because the canopy is constructed usinq n qores, where n also 

equals the number of suspension lines.  The entire canopy is 

of ribbon construction.  Riser lines are used to position the 

canopy at the proper location downstream of the test vehicle. 

2. MAJOR COMPONENTS 

a.    Canopy 

The hemisflo canopy was designed in accordance with 

the method outlined on paqes 517 throuqh 522 of the "Parachute 

Handbook" (Reference 6) which gives sample calculations and 

design equations for hemispherical canopies.  The input para- 

meters were a nominal diameter of 5 ft (or a nominal total 

surface area, S , of 19.635 sq ft) and 12 gores.  The results 

of the calculations yielded the dimensions and coordinates of 

a canopy gore and the effective length and confluence angle of 

the suspension lines. 
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b. nsion Lines 

An int gr 1 t wo-ply susp nsion lin , ris r lin 

radi 1, and v nt lin rrang m nt w s chos n for us with th 

par chut s. For his typ rr ng m nt: th w -ply lin s 

proc d from n t chm n point s ris r lin s, p ssin 

hrough riser k conflu nc k p r; from th con-

flu nee k c nopy skirt th lin s s rv s two-

ly susp ns'on lin s ; t th skirt, th 

ply p ssin ou sid th c nopy nd th 

nopy, thus formin r dial p irs; th 

th v nt b omin two-ply v nt lin s; 

dim tric s'd of th c nopy, forming 

nd m t t th skirt; from th skirt, 

lin s divid with on 

oth r insid th 

lin s me t ag in 

th y divid in on h 

noth r p ir of r di ls , 

th wo-ply sus nsion 

l'n s p ss thr u h th conflu nc k p r , b com r di 1 lines , 

nd t rmin t in s ond tt chm nt point . 

brought to 

With this rr ng m nt, th 

th r t circul r conflu nc 

susp nsion lin s r 

k p r and do no 

m This me ns th t h actu 1 sus nsion 

l'n n h must b shor r th nth c 1 ul d nth o 

i,, i nt in th r q•J · r d c nflu nc ngl . S · nc th con flu nc 

k p r holds th susp nsion lin sin a c'rcl with r d'us 

of 3.1 in., susp nsion lin 1 ngth from c no y skirt to 

nflu nc k p r f 100 in . w s r quir d to b used. E h 

r chut had 12, two-ply, 100 in. long suspensi n l'nes . 

c. Ris r Lines 

The 12, two- ply ris r lin s were continuous from 

th at~achmen~ point to the confluence keep r for ach parachut • 

Riser k epers helped m intain the position of th riser lines 

and were located every 10 ft from the conflu \Ce ke per. 

The risers were used to position th canopy down

stream of the strong shock waves generated by the Arrowhead 

test sled. Th se shock waves for two freestr am Mach numbers 
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are shown in Figure A-3 of Appendix A. Ris rs 20 ft long 

were used for the p rachutes tested up to Mach 1.5 and risers 

30 ft long wer used for the tests at higher Mach numbers. 

d. Confluenc and Riser Keepers 

Fixed line circular keepers were used for the con

fluence keeper and the one or two riser keepers used on each 

test parachute. The design of all keepers was the same except 

for the strengths of th keeper webbing band and sewing thread. 

A sketch of the confluence and riser keepers is presented 
in Figure B-1. 

e. Attachment Loops 

E ch of the 12, two-ply ris r line s termin t d in a 
loop which w s used to mate with th attachm nt/deployment/ 

release mechanism on-bo rd the test sleds. A sketch showin 

t h d sign det ils of the attachment loops which were us d on 

ch parachute is pr sented in Figure B-2. 

3. CANOPY COMPONENTS 

Horizont 1 Ribbons 

Eleven, 2 in.wide horizont 1 ribbons w r u l ly 

spaced betw en th vent and skirt bands of ch canopy. E ch 
ribbon was continuous around th canopy with on 1 spl ' 

per ribbon mad betw n the radi ls. Th loc tions of th 

splices w r st g r d round the canopy. 

On p rachutes with horizont 1 ribbons o f wo- ly, 

the ribbons w r s wn together with four or six rows or 

stitching prior to ss mbly on the canopy. 

b. v rtical Ribbon 

On , 5/ 8 

ribbon on each canopy 

horizontal ribbons. Th 

in. wide tape served s v rtic 1 

or to help control th sp cin of th 

v rtical ribbon w s lo t d in th 
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1h 

OUTER RISER LINE 

8   INNER 
LOOP 
LENGTH 

NNER RISER LINE 

4.25 -   -     03 

nt 

L^A 
5CORD NYLON OR SIZE F 
KEVLAR 3 POINT CROSS 
STITCH 6 TO 8 STITCHES 
PER INCH 

SEW THROUGH AROUND\ 
LOOP AS SHOWN- USE 
B KEVLAR THREAD OR 
F-F NYLON THREAD 
8 TO 10 STITCHES 
PER INCH 

v—'x B   B 
A  A x   Kl I-PER WEB KEVLAR 

HPF   VI, I", 1000 LB 
OR NU ON TAPE 
Mil     W    5038   1YPE   IV, 
I i/.'",  1500 I B 

BUFFER MIL W-4088D 
TYPE XVII, I",  2500 LB 

COT TON CLOTH 
CCC   C   419 
8 25 OZ/YD2 

NOTE    ALL DIMENSIONS IN INCHES 

Fiqure B-2 Dcsiqn Details of the RiHor Lino Altachmont 
Loops. 
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center of the gore and extended from the vent band to the 

skirt band. Each vertical ribbon was either two or four ply, 

with half the plies on the inside of the canopy and half on 

the outside, thus, the horizontal ribbons were sandwiched 

between the vertical ribbon plies. Three rows of straight 

stitching, which extended from the canopy skirt to the vent, 

were used to fasten the vertical ribbons to the horizontal 

ribbons and to the skirt and vent bands. The length of each 
vertical ribbon was equal to the finished gore height of 31.9 in. 

c. Radials and Radial Tapes 

The radials were formed by the separated suspension 

lines ~here they passed over the canopy. Four rows of straight 

stitching, which extended from the canopy skirt to the vent, 

were used to fasten the radials to the horizontal ribbons and to 
the skirt and vent bands. Horizontal ribbon and skirt band 

lengths between the centerlines of adjacent radials were 
determined from the gore coordinate calculations. 

For those test parachutes which had 3/4 in. wide 
radials, a 1 in. wide radial tape was placed between the radials 
to provide a canopy porosity equal to that of the canopies with 

1 in. wide radials. 

d. Skirt Band 

A separate 1 3/4 in.wide skirt band was used on 

each test parachute. The band was continuous around the canopy 
with one lap splice each inside a radial pair. When two-ply 
skirt bands were used, one ply was placed inside the radial 
pair and the other ply was placed on top of a radial on the 
outside of the canopy. Four rows of straight stitching were 
used to join the plies and fasten the skirt band to the radials 

and vertical ribbons. 

The skirt band provided a skirt circumference of 

112 in., which is equal to the finished gore width at the skirt, 

9.3 in., times the number of gores, n = 12. 
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e. Vent Band 

A separate 1 3/4 in. wide, multiple ply vent band, 

was used on each test parachute. The band was continuous 

around the canopy, passing inside the radial pairs and outside 

the canopy for two-ply vent bands and passing inside the 

radial pairs and both inside and outside the canopy for three

ply vent bands. Four rows of straight stitching were used to 

join the plies and fasten the vent band to the radials and 

vertical ribbons. 

The length of the vent band was determined based 

upon the number of plies used, the length of the splice or 

splices (usually 6 in. each), ann the requirement for main

taining a finished dimension of 1.43 in. between the center

lines of adjacent radials at the vent. This dimension is 

0.19 in. shorter than the calculated gore width at th vent. 

This take-up was incorporated to increase the share of canopy 

stress loads taken by the vent band and decrease the shar 

taken by adjacent ribbons. 

f. Vent Lines 

The vent lines were formed where th 12, two-ply 

radials crossed over the vent. This gave six, two-ply vent 

lines for each parachute. The finished length of ach v nt 

line (measured under 40 lb tension) was 5.0 in. This length 

is 0.8 in. shorter than the calculated gore length across the 

vent and was also used to carry canopy stress loads away from 

the ribbons near the vent and into the vent band and vent lines. 

4. CANOPY POROSITY 

Graphical layouts and calculations such as given on 

pages 520 through 522 of the Parachute Handbook (Reference 6) 

were used to determine the horizontal ribbon arrangement which 

would provide the desired 14 to 18 percent geometric porosity. 
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Eleven, 2 in. wide horizontal ribbons spaced equally between 

1 3/4 in. wide vent and skirt bands qavo a canopy geometric 

porosity of 16.47 percent.  The 12 spaces between the ribbons 

and the bands were all 0.5 37 in. wide. 

One test parachute, FERR-1-3-1, which was used on test 

6r-H2, had horizontal ribbons with widths outside the allowable 

specification of 2 ± 1/16 in.  The ribbons measured 1 7/8 in. 

in width.  This means that the parachute had a canopy porosity 

of 19.9 percent and a ribbon spacing of 0.6 51 in. 

5.      PARACHUTE MATERIALS 

The major structural components were analyzed to estimate 

strength requirements and select materials. 

a.    Strength Requirements 

(1)  Parachute Opening Force 

As pointed out on page 369 of the Parachute 

Handbook (Reference 6) the overall strength requirements for 

parachute components are usually established by applying a 

design factor to the expected maximum parachute opening force, 

F .  Pages 163 and 164 of Reference 6 present a method for 

estimating F which is applicable to this test program; that 

is, 

^o = CD  So 0LS X o 
(B-l) 

where 

o 

o 

o 

Q LS 

Opening force, lb 

Parachute drag coefficient 

Design nominal area of the parachute canopy, 
19.635 sq ft 

Dynamic pressure at parachute line stretch, 
psf 

Opening shock factor. 
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Average performance data from previous sled 

tests of hemisflo parachutes (Reference 3) were used to estimate 

values for C  and X.  From Reference 3, 
o 

o 
=  0.42 

=  1.3 

(B-2) 

(B-3) 

For the three nominal test Mach numbers of interest, Miv = 1.5, 

1.8, and 2.2, the track dynamic pressures at line stretch, 

Q „, were expected to be approximately 2900, 4000, and 6500 psf, 

respectively. 

Input of the known and estimated values into 

Equation B-l gave the following expected maximum parachute 

opening forces for the three test conditions: 

M(o 

1.5 

1.8 

2.2 

F  (lb) 
o  

31,090 

42,883 

69,685 

(2) Suspension Lines, Riser Lines, Vent Lines, 
and Radials 

The strength requirements for these components 

were estimated based upon the method established for suspension 

lines, since all these components are to be the same material 

as, and continuations of, the suspension lines.  The method 

used is presented on page 378 of the Parachute Handbook 

(Reference 6) and can be expressed as 

SLS  =  (2.91) (Fo)/n (P-41 
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where 

SLS  =  Suspension line strength, lb 

2.91 =  Design factor for deceleration 
parachutes of aerospace vehicle 
recovery systems, given on page 370 
of Reference 6 

F   = Maximum opening force, lb 

n   =  Number of suspension lines, 12. 

This expression gave the following suspension line strength 

requirements for the three test conditions: 

M 

1.5 

1.8 

2.2 

SLS (lb) 

7,540 

10,400 

16,900 

Suspension lines with these strengths were expected to survive, 

undamaged, when subjected to the expected maximum opening 

forces at the three test Mach numbers.  This is illustrated on 

Figure B-3. 

Also shown on Figure B-3 are the suspension line 

strengths chosen for use on this program.  They are plotted at 

each of the three test Mach numbers.  It was expected that a 

sufficiently large range of strengths would be available for 

testing such that the ultimate suspension line load could be 

determined as a function of opening force. 

(3)  Horizontal Ribbons 

The strength requirements for the horizontal 

ribbons were estimated by averaging the requirements specified 

in Table 7-5 on page 376 of the Parachute Handbook (Reference 6) 

and the strengths used on actual hemisflo parachutes tested 

previously on a high-speed sled (Reference 3).  The required 

horizontal ribbon strength, HRS, for 2 in. ribbons, was 

estimated in terms of the suspension line strength, SLS, to bo 
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URS (1/3) SLS (B-5) 

or, in terms of the maximum parachute openinq force, F , 

URS     =      (0.08) F (B-6: 

Horizontal ribbons with strengths determined from Equation B-6 

were expected to survive undamaged when subjected to the expected 

maximum openinq forces at the three test Mach numbers.  This is 

illustrated in Figure B-4. 

Also shown in Fiqure B-4 are the horizontal 

ribbon strengths chosen for use on this program.  They are 

plotted at each of the three test Mach numbers.  It was expected 

that a sufficiently large range of strengths would be available 

for testing such that the ultimate horizontal ribbon load could 

be determined as a function of opening force. 

(4)  Skirt Band 

The requirements for the skirt band strength, 

SBS, of each parachute were determined using the following 

expression: 

SBS  =  (0.72) SLS ;B-7: 

Or, in terms of the maximum parachute opening force, F , 

SBS  =  (0.175) F (B-8) 

(5)     Vent Band 

The requirements for the vent band strengths, 

VBS, of each parachute were determined using the expression 

VBS (1.11) SLS (B-9) 

or, in terms of the maximum parachute openinq force, F o 

VBS  =  (0.27) F (B-10) 
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(6) Confluence Keeper 

No strength requirements were originally 

estimated for the confluence keeper bands.  The confluence 

and riser keepers were initially identical, each incorporating 

a two-ply, 1 3/4 in. wide, 3600 lb webbing as the band material. 

After a structural failure of the confluence keeper band on test 

6P-G3, all subsequent confluence keeper band strengths were made 

approximately equal to the vent band strengths. 

(7) Other Components 

Strength requirements for other parachute 

components such as the riser keeper bands and the vertical 

ribbons were not established.  The strengths of these components 

were selected somewhat arbitrarily but with consideration of 

strengths previously used on other parachutes tested at high 

dynamic pressures. 

b.   Material Characteristics 

General characteristics of the materials selected 

for the various components of each test parachute used on this 

program are summarized in Tables 2 and 3 of Section II. 

(1)  Nylon Materials 

Detailed construction descriptions and 

other characteristics of the nylon materials used in the 

fabrication of the test parachutes can be found in the 

applicable Military and Federal specifications which were in 

effect at the time of parachute manufacture. 

(?)  Kevlar Materials 

The Kevlar parachute materials used in the 

fabrication of the test parachutes were in various stages of 

development by the Fabric Research Laboratories (FRL) under 
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contract to the Air Force Flight Dynamics Laboratory and the 

Air Force Materials Laboratory (Reference 13).  Design details, 

construction descriptions, weaving requirenents, and material 

characteristics for the final Kevlar materials developed under 

the FRL program are documented in References 14 and 15.  The 

construction and characteristics of the Kevlar materials used 

in the fabrication of the test parachutes are summarized in 

Table B-l, 

6.      PARACHUTE FABRICATION 

a.    Manufacturing Technique 

All test parachutes were manufactured in accordance 

with the Military Specification for continuous ribbon, heavy 

duty type parachute systems (Reference 16).  This Specification 

includes descriptions of the manufacturing techniques associated 

with stitching, seaming, splicing, measuring, finishing, marking, 

and inspecting the test parachutes. 

(13) Babish, C.A.:  Development and Evaluation of Kevlar 29 
Materials for Air Force Weapon System Parachute Applications, 
paper presented at the Workshop on Superstrength Fiber 
Applications, Dayton, Ohio, April 20 and 21, 1977. 

(14) Abbott     N.J.,   et  al..   Design  of  Parachute  Component 
Materials   from  Kevlar  29   and  49,   Air Force  Materials  Laboratory 
Report,   AFML-TR-74-65,   Part   Iv,   July   1976. 

(15^ United States Air Force Draft Tentative Military 
Specifications for:  Webbing, Textile, Kevlar; Tubular Webbing, 
Textile, Kevlar; Tape, Textile Kevlar; Coreless Cord, Kevlar; 
and Thread, Kevlar, October 1976. 

Military Specification:  MIL-P-25716, Parachute System, 
Heavy Duty, General Specification For. 
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b .   M^29f Scams and Joints 

Because the test parachutes were manufactured 

usinsl the continuous ribbon technique, very few major seam and 

joint types were required durinq fabrication.  Continuous rows 

of straiqht stitchinq along the radials and vertical ribbons 

were used to join them to the horizontal ribbons and to the 

skirt and vent bands.  Continuous rows of straight stitchinq 

along the multiple ply skirt and vent bands were used to join 

the plies and fasten the bands to the radials and vertical ribbons, 

Details of the ribbon splice and the skirt band 

splice and the suspension line to skirt reinforcement joint 

are given in Figures B-5 and R-6.  While the construction of 

the splices were the same for the nylon and Kevlar parachutes, 

the number of stitches per inch and the thread type were different, 

The nylon parachutes were stitched in accordance with Reference 16 

to provide splices that would withstand ultimate loads of at 

least 90 percent of the ultimate strengths of the component 

materials (joint efficiencies of 90 percent or greater).  The 

Kevlar parachutes provided joint efficiencies of:  (1) from 

69 to 87 percent for the ribbon splices; (2) from 70 to 94 

percent for the skirt band splices; and, (3) from 76 to 87 

percent for the suspension line to skirt reinforcement joints. 

7.      PARACHUTE WEIGHTS 

All test parachutes were weighed prior to packing. 

Total parachute weiqhts included the weights of all major 

parachute components; the canopy, suspension lines, and riser 

lines.  Canopy weights were estimated as an average of two 

weighings.  The first weighing involved placing the canopy 

portion on the scale and supporting the remainder of the 

parachute in such a manner that little weight was added to, 

or subtracted from, the canopy weight by the support of the rest 

of the parachute.  The second weighing involved placing all 
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5 POINT CROSS 
STITCH THROUGH 
HORIZONTAL 
RIBBON ONLY 

-g-(TYP) 

RADIAL 

RADIAL TAPE 
(WHEN USED) 

HORIZONTAL 
RIBBON 

NOTE   ALL  DIMENSIONS 
IN INCHES 

Figure  B-5.     Design Details  for  a  Typical 
Horizontal  Ribbon  Splice. 
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REINFORCEMENT 
(STRFNGTH OF I PLY 
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-k(TYP)      I 
j (TYP)      I 
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LINE 
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CROSS 
STITCH 
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LINE 

A 

NOTE    ALL   DIMENSIONS 
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Figure B-6. Dcsiqn Dotails for a Typical Skirl Rand Splice 
and Suspension Line to Skirt Reinforcement Joint. 
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of the parachute except the canopy on the scale and supporting 

the canopy in the same manner as the rest of the parachute 

was supported in the first weighLnq.  The weight determined 

from the second weighing was subtracted from the total parachute 

weight to qive a second canopy weight.  The average of the two 

canopy weights was used. 

The total parachute and canopy weights established in 

this manner for each test parachute are tabulated in Tables 

2 and 3 of Section II.  The weights of the nylon parachutes 

ranged from 20.0 to 62.0 lb and the weights of comparable 

strength Kevlar parachutes ranged from 8.2 to 35.6 lb. 
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APPENDIX 

DE RI T N AND DE N F THE 
PARACHU'l'E A'M'A HMENT, DEPLOYMENT, AND REL ASE MP NENT 
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C NE 
Rl ER ----~...! 

REL AS£ 
CABLES--------~ 

b. Parachu 

rOVER 

RISER 
TIE - DOWN 
TROUGH 

TEST 
PARACHUTE 
(PACKED) 

Figure C-1 (conc1ud d) . Photo r phs Sh win th Major 
Par chut Att chment, pl yment, and .R 1 se 
Compon nts. 
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cone d ploym nt sh r d h 

the p r chut to b - r 1 as d 

pins in the rel ase ring allowing 

rem 'Cur ly. Th str ngths of the 

sh r pins w r 

xperien ed. 

n r as d and no furth r m ! f unctions w r 

2. DEPL YMENT ONE, C N ISE , AND RELEASE CABL ·S 

An 8 in. di m ter, 60 included angle, al minum 

deployment con was used s th inerti slu and firs stag 

drag devi to initi te parachute eployment for all tests 

condu t d und r his ro ram. Tw M6 ecial (blasting) caps 

provided the n r y in th drogue gun to drive the deployment 

cone ~ r r out of the un with a muzzle velocity of approxi

mately 85 t / s c. 

A con ris r w s attached to the bucket handle type pin 

link of the deployment cone mortar. The riser transferred 

cone momentum and dra to th parachut restraining strap 

r 1 as cables and to the pilot chute bag. A sketch of the 

c n riser is presented in Figure C-5. The cone rieer was 

basically a 40 in. long piece of 2 ply nylon webbing with 

at achm nt loops f r connecting the riser to the deployment 

cone, pilot chu bag, release c bles, and the ties in the riser 

tie-down trough. 

The r lease cables consist d of l/4 in. steel aircraft 

cable, opper icro press fittings, and steel release pins. 

The length of c ble between the pins was 24 in. 

3. PILOT CH TES 

A number f different pilot chutes were used during this 

program; they are listed in Table C-1. 

a. Early Sled Tests 

Test arachute deployments for the first two runs 

conducted under thi program were designed to be accomplished 

without the aid of pilot chute. On the first test, 6P-E2, 

179 



mm mm Wf Wim W«;ilWPmWl|.«l.,lMl|,«l„lll|lUl»JHll|.MlFJ«Jl1lI" - 

! 

ONIHDiliS 
dÖCn JO0N3 

O 

o o «! 
o o c 

01 

HI 

CM t 
%. o 

T3 

m 
<M 
U) 00 
If) ■^ 

1») 

* 
J 01 

01 
5 tfi 

a. 
a 
o 
j 

z 
* 
o 
o 

u. 

o 

-      Ö     •o 

§     °-    § ö    2   8 

Kl|* 

UJ        UJ       Ui 
a     a     a 
>-      v     >- 

m 

ct 
UJ 

3 
CD 

3 
UI 
in 

_J 
UJ 
Q: 

m 
i 

OD 
00 
O 

a 
UI 
U 
u 
oo 

i 

a o,- 
u 
lii 

O o 

OD 
00 
O 

5 

tt 
U) 
u 
u 
D 
CD 

Z 

o 

o 
o 
o 

UI 
a 
>- 
h- 

if) 
U3 
1^- 

_) 
5 

Z 
CD 
CU 
UI 

II) 
< 

UI 
l/l 

UI 
J 

UJ 
ct 

o 
O 
O 
ID 

S   0 

O 

I 
If) 

i o 

(1) 

-H 

(U 
c 
o 
u 
aj 

-p 

u-i 
o 

u 
+J 
Ql 

X 

in 
I 

U 

(1) 
V-l 

180 

ka. KMiajKJtaiS^js^aBSSffiJiaasäBKiÄa^^ ittSäfittäiaittUu .'J- ■.At..JjfflBK-^fe 
äuHAMMMH^ -: - 



I 
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Vi r dr y f i ' n nd ir in i n bili y) nd ' 
b us i sily f br ' D n d ils of h 

up r oni -x- pil hu u n h i pr r m r iv n 

in Fi ur 

Pil 

All pi1 hu w r p into th ir wn 

sp1i 1 p yp d p1 y b Fi ur -11- hr u h 

C-11-i). Th d h w r par 11 1 p ds. 

L ps w r wn h p nt br k cords nd 

pi1 hu lin br k i 

4. DEPL YMENT NT L BR A.K T E 

P r hu pl ymen h' h dyn mi pr 8 ur 

intr du man r 1 n nt th d i n of · h 

1 y id . lly vid n dur'n his 

m. 
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th s par tion dis n w 8 8 1 rg 40 p hu 
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s p r tion from th sl d was to proce d ord rly nd p r chut 

inflation was not to b gin until all lin s w r str tch d out. 

On th first two d ployment system ch ckout t sts, 

6P-F2, the pilot chute xtr ct d th t st parachut 

comp rtment s tis£ ctorily, but th n proc ed d to 

b g from th par chut , 1 aving th parachut to d 

its own and to b gin inflation b fore lin str tch. 

6P-Fl and 

from i s 

strip th 

ploy on 

For th 

first fi t s s on this pro r m, h t st p r chut s w r 

constr in d inside th ir b s usin a mor -or-1 ss st nd rd 

method for h vy duty ribbon parachut s. Thr 13 lb nylon 

"quilting" ribbons w r us d to maintain the ah pe of th b g 
and r m 10 t 17 i s w r us d c h ld th lin s to h b 

2 ly, b nyl n r h L r 9 ti s nd 1 ly, 

3 0 lb nyl n inin ti s. 

b. Br Design 

h kou 

Th r sults from th 

sts p inted out th 

first two deployment ayst m 

need for b tt r control of th 

d ploy nt pr c as by th 

ba . This n d, nd th 

ties b twe n the par chut nd i s 

n tur of th d ployment probl ms 

ncount r d during th first five t sts on his pro r m, 

s b ·sh d th crit ri us d for the d sign of th b k 

ti for 11 subs u nt t sts. 

Th br ak ties w r r quired to b of suffici nt 

nuri> r and str ngth so that, without breakin prematur ly, 

ach ti would ace 1 rat th t portion of th p rachut it 

was h ldin n mount equal to the acceleration th bag nd 

p r hute would have when 

extraction fore xpected 

br ak tie was ls u·r 

acted upon by the maximum 

at any time during a teat. Each 

d t b brok n by s ady pull f th 

~nimum xtraction force expected at that time during a t st 

when th velocity of that portion of the parachute the ti 

was holding was brought up to the velocity of the sled. 
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c.       Analytical  Simulation of Deployment Dynamics 

(1) Calculation Method 

The locations and strengths of the break ties 

which would satisfy the design criteria were determined using 

a calculation method which provided analytical simulation of 

the behavior of the track sled and the components of the 

deployment system during the deployment process. 

(2) Physical System 

As shown in Figure C-2, components of the 

deployment system included the following: 

deployment cone 

cone riser 

pilot chute bag 

pilot chute 

test parachute bag 

test parachute 

The period of interest for design of the break ties was during 

the time the extraction force acted on the component being 

deployed.  For the case of break ties for the pilot chute, 

it was from the time of stretch of the cone riser until strip- 

off of the pilot chute bag; for the case of the break ties 

for the test parachute, it was from the time when the pilot 

chute opened until strip-off of the test parachute bag. 

(3) Dynamic  Model 

One dynamic model was constructed which was 

applicable to both periods of interest. The physical system 

was separated into two point masses.  One mass represented 

the track sled; the sled mass, m .  The other mass was 

called the parachute mass, m , and was used to represent 

either:  (1) the instantaneous mass of the pilot chute and 
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the tost parachute bag and its contents, or (2) the 

instantaneous mass of the deployment cone, cone riser, and 

the pilot chute bag and its contents. 

Each mass had only one degree of freedom, 

translation along the axis of deployment.  The translations 

and forces considered in the analysis are defined in 

Figure C-7. 

(4)  Equations of Motion 

The basic equations of motion for the sled 

and parachute masses were as follows: 

d ^J 
- * 

dt" 

d 7iy •> 
dt 

- FS/ro 

(R-n)/m 

(C-l) 

;c-2) 

where 

FS = Force resisting sled motion, taken as 

that value such that the ratio PS/m had the same value as s 
the sled deceleration which was predicted for the time of 

deployment by the Holloman Track, and was assumed constant 

throughout the period of deployment, lb. 

R- Resisting force of the parachute ties, lb. 

(Although included in the analytical simulation, this force 

was so small that it had negligible effect on system motions.) 

D = Drag force of the pilot chute (or cone) 

and the parachute bag (or pilot chute bag), lb. 

(5)  Initial Conditions 

Integration of the equations of motion pro- 

vided velocities and displacements as functions of time. 
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Evaluation of  the  constants  of  integration  required values 
for  the   initial   conditions.   The  displacements  of  the  sled 
and parachute  masses were  taken  as   zero  at  the  time of 
initiation of extraction of the parachute   (or pilot chute) 
from  the   sled.   The velocities  of  these  two masses  at  this 
time  were   taken  as  the  sled velocity which was  predicted by 
the  Holloman  Track   for  the  time  of  deployment  initiation. 

(6)     Maximum Allowable  Tie Strength 

The  design  criteria   for  the  maximum allowable 
break  tie  strength,   (TS)        ,   specified that  the tie  should ^     ' max       r 

break  under the minimum expected  drag  force of the pilot 

chute  and parachute bag.     That  is. 

(TS) < max — (D) mm (C-3) 

To ensure that the tie would break under the minimum expected 

drag force a design factor, DFl, was applied as follows: 

(TS)    =  (D) . /DFl max      mm (C-4) 

where, 

DFl = (SF) (KEF) (OF) (C-5) 

and. 

SF = Safety factor,  1.5 

KEF = Knot efficiency factor,  0.75 

OF = Overload factor,  1.5 (to account for 

the tie breaking at loads above its 

rat^d strength). 
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(7)      Minimum Allowable  Tie   Strenqth 

The design criteria  for  the minimum allowable 

break  tie  strength,   (TS)        ,   specified that  the tie must J  '    min  r 

accelerate the mass it was holding an amount equal to the 

acceleration the parachute mass would have whan acted upon 

by the maximum expected drag force of the pilot chute and 

parachute bag.  That is, 

d2^V 
dt2 dt2 

(C-6) 

where 

d2(x ) 

1^ [R - (D)   ]/m 1      max  p (07) 

and 

d2(xt) 
-(TS)m. /{DF2)m. 

min      t 
(C-8) 

where 

Xt = 

holding, ft 

Mass that t 

and where the design factor, DF2, was 

x = Translation of the mass that the tie was 

m = Mass that the tie was holding, slug, 

DF2 = {SF)/{KEF) (C-9) 

Solving the above equations for the minimum allowable tie 

strength gave: 

(TS^.n = (DF2) (mt) KD) max- R]/mp (C-IO) 
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(8)   Other Functional Relationships 

Solving Equations C-4 and C-10 for the required 

tie strenqths required functional relationships to be developed 

for the independent parameters of parachute mass, m , drag 

force, D, tie resistance, R, and tie mass, m   ,   in terms of 

known quant i t ies. 

The parachute mass, m , as a function of 
P 

separation distance, sd, was determined by weighinq all 

appropriate components, such as lines, canopy, bag, pilot 

chute, cone riser, etc., and measurinq appropriate parachute 

lengths before and after packing and installation on the sled. 

Draq forces were calculated using the following 

genera 1 equat ion: 

-i •> 

(c-i n D (CD) (S) (O.r0 (RHO) 
d (x ) 
 il. 

dt 

where 

C n Drao coefficient, 

S = Reference area, sq ft 

RHO = Air Density at the Track, sluq/cu ft. 

Expressions were assumed for the drag coefficients of the 

deployment cone, pilot chute bag, pilot chute, and paiachute 

bag as functions of freestream Mach number anu separation 

distance. 

The resistance force of the parachute ties, 

R, was expressed as a function of separation distance to 

account for the number, location, and elonqation of the ties, 

and as a function of the length, elonqation at break, and 

the strenqth of the ties. 
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The mass that the ties was holdinq, m , was 

expressed in terms of the parachute mass distribution and 

the number and location o;" the ties. 

(9)   Computer Program 

The analytical simulation of deployment 

dynamics was programmed for computer solution using the 

Air Force Aeronautical Systems Division MIMIC Computer 

Program (Reference 19) on the IBM 7090 (7094) computer and 

usinq the Control Data Corporation (CDC) MIMIC Digital 

Simulation Language (Reference 20) on the CDC 6600 and CYBER 

series computers.  MIMIC provided digital solutions of the 

ordinary differential equations through an iteration process 

in accordance with the Runge-Kutta method. 

Input values for a total of twenty quantities 

were required for each computer program run:  the weight of 

the pilot chute and the weights of the parachute lines, canopy 

and bag; five lengths associated with the parachute before and 

after packing and installation; the percent of elongation at 

break of the ties; the lengths and number of baq, line, and 

canopy ties; the predicted velocity and acceleration of the 

track sled at deployment; and the reference areas for the 

pilot chute and parachute bag. 

Computer program output was a listing of all 

program parameters as functions of time, including the 

19) Sanson, F.J. and Peterson, H.E., MIMIC Programming 
Manual, Air Force Aeronautical Systems Division Report, 
SEG-TR-67-31, July 1967. 

(  Anon. , Control Data 6000 Computer Systems MIMIC 
Digital Simulation Lamuage Reference Manual, Control Data 
Corporation Publication 44610400, January 1972. 
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(11) Tr j ctori s of Deployment Syst m Compon nts 

Becaus th equations of motion app r d twic 

in th computer program to account for both minimum nd 

maximum drag forces, two tr j ctori s of th d ployment syst m 

components w r output from th pro r m. 

Figur C-9 pr s nts typic 1 plot of th band 

of expect d s p r tion dist nc histori s for th pilot chut 

nd th t st p rachut . It w s x ct d th t th c u 1 

s paration d st nc s would f 11 within th s b nds. 

d. s 1 ction of Br 

Th s 1 c ion of br ak ti loe ion nd str ngths 

was b s d upon th comput r pro r m ou put b nd 11 w bl 

break ti s r n ths. For ch sl d t st run, th numb r of 

ti s in ch of thre p rachut ction -lin s on h b 

lines in th ba nd c nopy n th b , w s ri d un il 

th curve o llowabl ti w r s p r d in h 

proper manner. An incre s in th numb r of ti s incr s d 

th b nd wid h. How ver, in 11 c s s h curv u1d 

not b s p r d in h proper mann or h ull ar tion 

distan o h p r hu . This w s b c us w s im r cti al 

to plac mor th n ix t" s in th p r chut c nopy s tion. 

ti loc 

Fi ur C-8 ls shows typic 1 s 1 

ns nd s r ngths. Th 1o tion f 

on br k 

w 8 

d t rmin d by qu 11y sp cin , as n rly s pr ic 1, th 

numb r of i s in h p r chut s ction. Th ti r ngths 

w r d t rmin d by s 1 ctin v il bl nylon mat ri 1 with 

rated br k "n strengths which f 11 within th llow bl 

b nd. Nylon mat ri ls wi h r t .d br aking str n hs b low 

the maximum low bl br king str n th cur w r s 1 ct d 

for th c nopy s tion of th parachute -that s p r ion dis

tanc wh r th llow bl ti strength curv s w r improp rly 

separat d. This me ns, that lthou h th c nopy ti s w r 
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expected to break, they were not expected to provide sufficient 

force to accelerate the canopy an amount equal to th ace ler tion 

of the bag. That is, it was expected that the bag would b 

stripped from the canopy before the canopy was stretched out. 

e. Design of the Break Ties 

The analytical simulation method used to det rmin 

break tie strengths required that each tie hold portion of 

the parachute mass, be of known length, and have a rated 

breaking strength. This requirement led to the development 

of a new design for the break ties. 

The design of the bre k ti s r th first fiv 

tests followed standard practices used for heavy duty ribbon 

parachut s. On end of a tie was fastened to a bag loop nd 

the other end was passed around a "bight", or loop, in group 

of lines and f stened to the same bag loop after pulling the 

bight tigh . As the lines exited the bag, the bight tried to 

slip out of the break tie loop (and sometimes did) as it 

pull d on the tie. This break tie desi n was difficult to 

model in the computer program and estimations of th varia ions 

in th force at which a tie was expect d to br k w r lar 

and unreliabl . 

The design for the break ti s us d on this t s 

program for th last 15 tests is illustrat d in Figur C-10. 

Two line ti loops w re sewn to opposin lines at each ti 

location. On nd of each break tie was knott d to the first 

line tie loop. The oth r end was routed around th lin s, 

through th second line tie loop, back through th first l'n 

tie loop, nd finally tied to a bag loop. With h is desi n: 

(1) th length o the tie was known: (2) the tie securely 

h ld its portion of the parachute - the more the lin s pull d 

out of th bag, th more tightly the tie h ld th lin s: (3) 

only a sin 1 ply of nylon mat rial was required to br k: 

and, (4) fter th tie broke, the lines (or canopy) w re fr e 

to deploy. 
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f. Vent Br ak Cords 

Two br ak cords connected th~ vents (apexes) of 

both the test p rachute and the pilot chute to their bags. 

ne cord was called the vent break cord and the other the 

"snubber." 

was a singl 
30 in. Th 

For the test parachut , the vent break cord 

ply of nylon webbing with a free 1 n th of 
nubb r w sin 1 ll nvl n cord bou · 

6 in·long. Forth pilot chute, single ply nylon cord was 

used for both the vent break cord (12 in.long) and the 
snubber (about 4 in.long). 

The required strength of the vent break cord, VBCS, 

was t ken as the minimum expected drag force of the extraction 

d vices at the time when the last of the parachute (or pilot 
chut ) just exited th bag. That is, 

wher 

VBCS = 0 . nun 

D . was obtained from the computer program output. m1.n 

Th requir d strength of the snubber, ss, was 

t k .. n s: 

SS = (1/3) (VBCS) 

Available nylon materials with rated breaking 

str ngths closest to the required strengths were select d 

for use as vent break cords and snubbers. 

S. PARACHUTE PACKING 

(C-12) 

(C-13) 

All parachutes were packed in a similar manner. Differ

ences were in the design, number, locations, and strengths 

of the break ties and vent break cords. Photographs taken 

during a typical p eking are presented in Figure C-11 and 

Table C-2 lists the materials used for the break ties and 

vent break cords fo~ each test run. 
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a. Test Parachute Preparation 

Prior to parachute packing, each test parachute 

was prepared to accept the packing aids. A 24 in. long vent 

line loop of 6000 lb webbing was placed around the vent lines to 

accept the vent break cords. Two cut knives were fastened 

18 in. below the canopy skirt on suspension lines numbers 6 

and 12 to accept and cut th canopy compartment closure tie. 

One cut kni f e was fastened 66 in. from the riser line attach

ment loop on suspension line number 12 to accept and cut the 

parachute bag closure tie. Loops of 1 in. wide webbing were 

sewn to the lines and canopy at those locations selected for 

placement of the deployment control break ties. Two loops 

were placed at each location on opposing lines, but not on 

the same two lines. For example, for test 6P-H7, 6 loops 

each were placed on lines 1 and 7, 9 and 3, and 11 and 5, and 

5 loops each were placed on lines 2 and 8 and 10 and 4. Loops 

of 1/ 2 in. wid tape were sewn to one pilot chute line to 

accept the break ties. 

All materials used to prepare the parachutes, with 

the e x ption f the steel knives, were of the same type as 

th parachute. That i s, nylon thread, tape, and webbing wer~ 

used with th nylon parachutes and Kevlar thread, tape, and 

webbin w re used with the Kevlar parachutes. 

b. Parachute Bags 

All parachutes were hand packed into their own 

nylon, split flap type deployment bags (see Figure C-11-b 

throu h C-11-f) . Th design shapes of the bags were 

parallelepipeds. Loops were sewn into the bags t accept 

vent break cords and parachute line and canopy ties. Flaps 

were s wn to the outside of the bags to provide a storage 

ompartm nt for the pilot chutes (see Figure C-11-i ann 

C-11-j) . 
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c. Packing Procedure 

The following instructions were given for p a king 

the parachute for test 6P-H7. Similar instructions were 

followed for the other tests (the designs of the break ties 

were different for the first five tests, see Paragraph 4.e 

above; the thread type underlined below was nylon for 

the nylon parachute and Kevlar for the Kevlar parachutes; and, 

when not spe~ified, the packer could use any type knot). 

1. (Refer to Figure C-11-a.) Stretch out the 

canopy and suspension and r~ser lines on the oacking table. 

Arrange the lines in sequ nee, with line number 1 on top (in 

the middle). Tie a loop of nylon cord, MIL-C-5040, Type III, 

550 lb, through the 12 rj.ser line attachment loops so that 

the lines form a circle with all line numbers in sequence. 

Straighten the lines, arrange into one group, and hand tack 

with FF nylon or 3 cord cotton thread every 24 in. Fiom the 

riser line attachment loops to the first cut knife, tack every 

6 in. 

2. (Refer to Figure C-11-b.) Lay out the test 

parachute bag and fit with nylon quilting ribbons, MIL-T-5608, 

Class B, 5/8 in, Type III, 70 lb, through the grommets. Tie 

the vent break cord to the vent and bag loops with a free 

length of 30 in. Tie a snubber to the vent and bag loops with 

a free length of approximately 6 in. Tack th~ vent loop with 

3 cord Kevlar thread at the break cords and at the vent lines. 

3. (Refer to Figure C-11-c.) Make an "S" fold 

in the canopy and bring the quilting ribbons from the first 

row of grommets through the canopy. Tie one end of the firs 

canopy break tie to the first canopy tie loop with a bowline 

and lockirig knot. Route the other end of the first canopy 

break tie around the canopy, through the second canopy tie 

loop, and tie to a bag loop using three half-hitches and a 
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locking kno . ( k tch s nd photographs of this br ak ti 

design r pres nted in Figure C-10.) Tie th remaining 

canopy break ti s. 

4. (R f r to Figur C-11-d.) Loos ly lace bag 

with nylon w bbing, MIL-W-5625, 1/2 in., 1000 lb. Pass th 

quilting ribbons through the grommets in th c nopy comp rt

ment and ti • Clos and lock the canopy compartm nt with 

nylon webbin , MIL-W-5625, 1/2 in., 1000 lb, throu h th 

kniv s. (Mint in b g width -do not pull tight.) Sa£ ty 

t ck ch knif to th compartment closur w bbing with two 

singl turns of 3 cor nylon thread. 

5. (R f r to Figure C-11-e.) Fold susp nsion 

nd ris r lin s in n "S" curv and fast n the lin br k 

ties o th ba in th mann r d scribed bove and shown in 

Fi ur C-10. Lac up th r m ind r of h b g and ti of 

h 1 n . Tuck n th b g closur fl ps nd los th ba 

with nylon cord, M L-C-5040, Ty III, 550 lb, throu h on 

kn'fe. f y ck th kni with two singl turns of 3 cord 

nylon thr H nd t k th b g closur fl s wi h 3 cord 

nylon hr d s r qu'r d. Pull all uilting ribb ns tigh 

n 

6. (R f r to Figur C-11-f.) Ti th r maining 

ris r lin s o th outsid bag loops using th b g br k 

i r.. H nd k th is r lines to th outsid of th b g 

with FF nylon or 3 cord cotton thr ad as r quir d to pr v n 

mov m nt durin h n ling nd shipm nt. II nd s w two turns o 

5 ord co ton thr d through all twelv ris r lines in 5 

1 c s. 
tie th 

Leav 12 in. of thr ad fr on each side and loosely 

fr nds. Th first tie is 9 in. from the ris r line 

at chm nt loo st'tching nd th r mainihg is ar spaced 

3 in. interv ls. (These 5 cord cotton thr d ties are shown 

in Figure C-12-d.) 
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7. (Refer to Figures C-ll-g through C-ll-j.) 

Pack the pilot chute.  Stretch out the pilot chute on the pack- 

ing table.  Tie the vent break cord and snubber to the vent 

and bag loops with free lengths of 12 and 4 in. respectively. 

Tie the pilot chute lines to the bag using the pilot chute 

break ties.  Fold the canopy over the lines.  Close the bag 

over the lines just before the bridle with nylon cord, 

MIL-C-5040, Type II, 400 lb, through the 33 in. lanyard/ 

knife.  Safety tack the knife with three single turns of 3 

cord nylon thread.  Lace the bag with nylon cord, MIL-C-5040, 

Type III, 550 lb.  Attach the pilot chute line bridle to 

the test parachute bag bridle with a connector link and 

safety tack the bridles to the link with 3 cord nylon thread. 

Fold the bag bridle, lanyard, and pilot chute line bridle 

into the pilot chute compartment and hand tack with single 

turns of 3 cord nylon thread as required.  Arrange bridles 

such that the pilot chute bag opening is toward the bottom 

of the test parachute bag.  Place the pilot chute in the 

compartment and hold in place with single turns of 3 cord 

nylon thread as required. Attach the cone riser to the 

pilot chute bag bridle with a connector link and safety tack 

the riser and bridle to the link with 3 cord nylon thread. 

Close the end flaps over the pilot chute and lock with a single 

turn of 3 cord nylon thread through the connector link.  Close 

the outer flaps and lock with single turns of 5 cord nylon 

thread through the cone riser in three places. 

8. (Refer to Figure C-ll-k.)  Tie nylon cord, 

MIL-C-5040, Type I, 100 lb, to each cut knife loop of the 

cone riser.  Leave two free ends, one 6 in. and the other 

24 in. long.  Tie single turns of 3 cord cotton thread through 

two holes in each cone riser cut knife. Leave 24 in. free 

on each of the four ties.  Wrap all cord and thread with 

masking tape for shipment. 
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6. PARACHUTE INSTALLATION ON THE SLEDS 

The test parachute and the attachment, deployment, 

and release components were installed on the sleds in a 

manner which would ensure deployment of all items in th 

proper sequenc and t th proper time. Th pack d test 

parachute and pilot chute were held in the p rachute com

partm nt by restraining str ps. Thos portions of th para

chut ris r lin s nd th con riser which w r not f st n d 

to h p r chu bag were tied to a trough on top of the sl d. 

These lin s and ris r nd the deploym nt con w re prot ct d 

from windbl st by cov r . 

Th fol owin instru~tions w r giv n for inst llin h 

p r hut s on h sl ds: 

1. (R fer to Figure C-12- . ) Attach h P r 

tt hm nt/d ploymen / r le se mech nism to th sl d nd 

h nsiom t r sh r in . 

2 . (R f to Figur C-12-b .) A tach h r 

ris r lin s to th p rachut ttachm nt/r 1 

r th s f'tt' n lugs (depending up n whi h 

m n ploym n / r 1 s m ch nism w s us d) . 

3. (R r to Figur C-12-c.) Ins rt h k 

r hut nd p ' l chut into th sl d p r chut omp r 

with h r hut r s r l'n s on top nd the pil c hut 

c mp r m n n L y th P r chut ris r lin s 

ti -down t h nd ach th p rachute a n / r 

it tin r lu 5 0 th par chute att chm nt d I 
s m c h nism with parachute lin numb r 1 on p. 

th hut ris r lin s nto two rou s nd i 0 f th 

rou s with two turns of 5 ord otton hr d r q uir 

to llow for 1 r on 

ris t oop f rw rd 

Fi ur C-12- ) . 

d ployment and r om 

rom th d ploym nt n 
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4. (Refer to Fiqure C-12-d.)  Route the free ends 

of the 5 cord cotton thread ties, which are on the parachute 

riser lines, through holes on either side of the tie-down 

trouqh, pull tiqht, and tie.  Cut off excess thread. 

5. (Refer to Fiqure C-12-e.)  Route one end of each 

of the two 100 lb nylon cord ties, which are on the cone 

riser, from a riser loop, out throuqh a hole in one side of 

the tie-down trouqh which is forward of the knife, back 

throuqh another hole which is even with the knife, throuqh 

the knife, out throuqh a hole in the other side of the trouqh, 

back throuqh another hole, and tie to the other end of the 

100 lb cord tie after pulling the tie tiqht.  Safety tack the 

knife by tyinq the two 3 cord cotton ties, which are on the 

knife, throuqh holes in the tie-down trouqh which are forward 

of the knife and back throuqh a third hole in the knife.  Cut 

off all excess thread. 

6. (Refer to Fiqure C-12-f.)  Attach the cone riser 

to the pin link on the deployment cone mortar.  Insert the 

deployment cone into the drogue qun assembly of the parachute 

attachment/deployment/release mechanism.  Insert and safety 

wire its shear pin.  The stitchinq of the cone riser loop 

must be forward of the cone pin link. 

7. (Refer to Fiqure C-12-q.)  Route the parachute 

restraining strap release cable (or cables) throuqh the loop 

in the cone riser.  Place the parachute restraining strap 

between the cone riser and the pilot chute compartment.  Hold 

the ends of the restraining strap in the cylinders located on 

the edqe of the parachute compartment and insert the cable 

release pins into the cylinders.  Safety wire the pins.  Install 

the cover on top of the sled. 
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Figur -11. 

Packin St p 1. 

graphs Taken Durin h P 
hu for Test 6P-G1. 
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c. Packing Step 3. 

Figur C-11 (Continued). Photographs Taken During th 
Packing of the Parachute for Test 6P-G1. 
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Fi ur - l J 

d. Packing Step 4. 

n in u d) . Photogra hs T k n During th 
kin f the Parachute for Test 6P- Gl . 
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d. Installation Step 4. 

Figure -12 (Continued). Photographs Taken During Parachute 
nstallation on the Arrowhead Sled. 
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g. Installation Step 7. 

Figure C-12 (Concluded). Photographs Taken During 
Parachut Installation on the Arrowhead Sled. 
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